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Fixed -bed  models 
Flushing 

Hydraulic  models 
Mayport-Mlll  Cove 


Mavport  Naval  Basin 
Sal  ini ty 
Shoal lng 


A  fixed-bed  model  of  Mayport-Mill  Cove,  constructed  to  scales  of  1:500 
horixontallv  and  1:50  vertically,  reproduced  a  portion  of  the  Atlantic  Ocean 
adjacent  to  the  entrance  and  the  St.  Johns  River  upstream  to  Hibernia  Point. 

The  purpose  of  the  stodel  study  was  twofold:  (a)  to  investigate  the  effects  of 
proposed  improvement  plans  for  the  Mavport  Naval  Basin  area  on  existing  shoaling 
rates,  hydraulics,  salinities,  and  flushing;  and  (b)  to  Investigate  the  efforts 
n'  proposed  Improvement  plans  In  the  Mill  Cove  area  on  flushing,  hvdraullcs, 
sil.nltles,  and  channel  shoaling.  The  model  study  was  conducted  In  (CowMwwedF— 
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20.  ABSTRACT  (Continued) 

three  phases:  phase  1  Involved  the  model  verification  tests,  phase  2  Involved 
the  Navport  Naval  Basin  study,  and  phase  3  Involved  the  Mill  Cove  study.  Phase  2 
Is  reported  herein;  phases  1  and  3  are  reported  In  Reports  1  and  3  of  this  series 

The  model  verification  tests  described  In  Report  1  Indicated  that  the 
model  hydraulic  and  salinity  regimes  were  In  satisfactory  agreement  with  those 
of  the  prototype  for  comparable  conditions.  Model  verification  also  Included 
a  comprehensive  shoaling  verification  of  shoaling  rates  and  patterns  in  the 
navigation  channel  and  Mavport  Naval  Basin.  During  the  shoaling  verification, 
model  operation  procedures  were  developed  by  trial  and  error  to  achieve  satis¬ 
factory  reproduction  of  observed  prototype  shoaling  distribution  patterns 
within  the  various  reaches  of  the  navigation  channel  and  in  Mayport  Basin. 

This  report  contains  the  results  of  tests  conducted  for  phase  2  of  the  study. 

Based  on  model  shoaling  test  results  conducted  for  11  proposed  plans,  four 
plans  were  selected  on  their  merit  to  reduce  shoaling  within  the  basin  for 
further,  more  extensive  testing.  Plans  1,  3,  4B,  and  SB  were  tested  ex¬ 
tensively.  Model  test  results  showed  that  none  of  the  four  plans  would  cause 
any  major  change  in  and  along  the  navigation  channel  with  respect  to  existing 
current  velocities,  salinities,  channel  shoaling,  or  dye  flushing;  however, 
each  plan  did  result  in  considerable  changes  within  the  basin. 

Plans  1  and  3  resulted  in  better  navigation  conditions  in  the  basin  in 
the  vicinity  of  the  carrier  berths  as  maximum  current  Velocities  in  this  area 
were  generally  less  than  those  of  base  conditions.  Plans  4 B  and  SB  resulted 
in  increased  maximum  flood  current  velocities  in  the  carrier  berthing  area 
that  could  create  berthing  problems  for  the  carriers  and  other  vessels. 

Plow  predominance  calculations  showed  that  plan  1  resulted  in  increasing 
the  net  flow  in  the  ebb  direction  throughout  the  basin  by  about  2.7  percent, 
while  plan  3  resulted  in  decreasing  the  net  flow  in  the  ebb  direction  by  about 
2.7  percent.  Plans  -.ft  and  SB  changed  the  base  condition  net  ebb  flow  into  a 
significantly  strong  net  flood.  Maximum  effects  to  base  condition  flow  pre¬ 
dominance  for  each  plan  were  similar  in  that  greatest  effects  were  observed  at 
ntddepth  and  bottom  elevations. 

Average  salinity  concentrations  in  navigation  channel,  exit  channel,  and 
basin  were  generally  slightly  lower  than  the  base  for  each  of  the  four  plans  in¬ 
vestigated.  There  was  no  indication  that  one  plan  resulted  in  more  or  less 
change  than  another,  as  a  verv  large  percentage  of  the  data  was  within  limits 
of  accuracy  of  repeating  identical  model  tests,  particularly  within  the  hasln. 

Results  of  dye  tests  do  not  fndlcate  any  significant  improvement  of  flush¬ 
ing  for  plans  1  and  3.  Results  for  plans  4B  and  SR  indicate  a  significant  im¬ 
provement  in  overall  flushing  v.thln  the  hasln  near  the  bottom.  Leaser  reduc¬ 
tions  were  observed  at  shallower  depths  with  essentially  no  change  near  surface. 

Plans  Involving  no  secondary  openings,  gated  or  otherwise,  were  more 
effective  in  reducing  shoaling  in  the  Mayport  Naval  Hasln.  Plan  1  was  the 
most  effective  as  model  tests  showed  a  reduction  in  the  present  rate  of  ap¬ 
proximately  47  percent.  Plan  2  showed  a  reduction  in  shoaling  rates  of  about 
46.6  percent,  and  plan  3  resulted  In  reducing  the  shoaling  rate  by  about 
39.  b  percent.  Plans  involving  ungated  openings  (plans  4,  4A,  4C,  5,  5A,  and  bC) 
each  resulted  in  an  increase  of  shoaling  in  the  basin.  Plans  involving  gated 
openings  (4B  and  3B)  efr-*.ted  a  reduced  shoaling  rate  in  the  basin  but  wert  not 
as  efficient  as  plans  which  did  not  include  an  opening. 

-  Surface  current  pattern  photographs  showed  no  adverse  effects  resulting 
from  any  of  the  four  plans  investigated  extensively. 
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PREFACE 


The  aodel  study  reported  herein  was  requested  by  the  U.  S.  Army 
Engineer  Division,  South  Atlantic,  In  a  letter  to  the  Office,  Chief  of 
Engineers,  U.  S.  Army,  dated  14  April  1973,  and  was  subsequently 
approved  In  a  letter  to  the  South  Atlantic  Division,  dated  5  November 

1973.  Authority  to  Initiate  the  Investigation  waa  granted  by  the  U.  S. 
Army  Engineer  District,  Jacksonville,  In  a  letter  to  the  Director, 

U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES),  dated  February 

1974. 

Design  and  construction  of  the  model  were  accomplished  during  the 
period  of  February  1974  to  November  1975;  hydraulic  and  salinity  veri¬ 
fication  were  carried  out  during  the  period  Deceaiber  1975-June  1976. 
Collection  of  base  teat  data  and  navigation  channel  and  Msyport  Basin 
shoaling  verification  were  accomplished  during  the  period  July  1976- 
February  1977.  After  completion  of  all  phases  of  model  verification  and 
baae  teats,  the  Mayport  Basin  study  phase  of  the  Investigation  was 
initiated.  All  programmed  plan  testings  for  the  Mayport  study  phase 
were  completed  in  September  1977.  This  report  describes  the  problems 
that  necessitated  this  phase  of  the  model  Investigation  and  the  studies 
that  were  conducted  In  the  model. 

The  study  was  conducted  In  the  Hydraulics  Laboratory  of  WES  under 
the  general  supervision  of  Messrs.  H.  B.  Simmons,  Chief  of  the  Hy¬ 
draulics  Laboratory;  F.  A.  Herrmann,  Jr.,  Assistant  Chief  of  the  Hy¬ 
draulics  Laboratory;  R.  A.  Sager,  Chief  of  the  Estuaries  Division;  C.  M. 
Fisackerly,  Chief  of  the  Harbor  Entrance  Branch;  and  N.  J.  Brogdon,  Jr., 
Project  Engineer.  Technicians  of  the  Estuaries  Division  who  assisted 
throughout  the  Investigation  Included  Messrs.  J.  W.  Parman,  D.  M.  White, 
and  D.  M.  Stewart.  This  report  was  prepared  by  Mr.  Brogdon. 

Directors  of  WES  during  the  course  of  this  Investigation  and  the 
preparation  and  publication  of  this  report  were  COL  C.  H.  Hilt,  CE,  COL 
John  L.  Cannon,  CE,  and  COL  Nelson  P.  Conover,  CE.  Technical  Director 
was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS.  U.  S.  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  In  this  report  can  be  con¬ 
verted  to  metric  (SI)  units  as  follows: 


Multiply 


By 


To  Obtain 


cubic  yards 

0.7645549 

cubic  metres 

cubic  feet  per  second 

0.02831685 

cubic  metres  per  second 

feet 

0.3048 

metres 

feet  per  second 

0.3048 

metres  per  second 

miles  (U.  S.  statute) 

1.609344 

kilometres 

square  feet 

0.09290304 

square  metres 

square  miles  (U.  S.  statute) 

2.589988 

square  kilometres 
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MAYPORT-MILL  COVE  MODEL  STUDY 
MAY PORT  NAVAL  BASIN  STUDY 

Hydraulic  Model  Investigation 

PART  I:  INTRODUCTION 


Background 

1.  This  model  atudy  was  a  Joint  effort  by  the  Department  of  the 
Navy  and  the  U.  S.  Army  Engineer  District,  Jacksonville,  to  study  two 
separate  problem  areas  on  the  St.  Johns  River.  This  report  (Report  2) 
presents  the  results  of  the  Mayport  Naval  Basin  study  (Navy  study); 

Report  1  presents  the  hydraulic,  salinity,  and  shoaling  verification 
phase;  and  Report  3  presents  the  results  of  the  Mill  Cove  study  (Dis¬ 
trict  study). 

2.  The  U.  S.  Naval  Station  Mayport  Is  vitally  Important  to  the 
national  defense  of  the  United  States  of  America  and  Is  best  exemplified 
by  the  fact  that  It  Is  the  home  port  of  27  ships  of  the  Atlantic  Fleet, 
Including  two  aircraft  carriers.  The  compact  layout  of  support  facil¬ 
ities  for  fleet  units  makes  Mayport  an  economically  efficient  base  and 
because  of  Its  direct  access  to  open  sea,  It  Is  also  a  strategic  Instal¬ 
lation.  A  large  ship  can  get  under  way  and  be  operating  In  unrestricted 
waters  In  a  period  of  15  to  30  min;  smaller  vessels,  of  course,  can  be 
operational  In  less  time.  This  advantage  also  makes  routine  training 
more  economical  as  fuel  Is  saved  due  to  relatively  short  transit  dis¬ 
tances  to  nearby  designated  fleet  operating  areas. 

3.  In  consideration  of  above  Important  advantages,  however,  there 
Is  one  very  prevalent  disadvantage:  Mayport  shoaling  history.  The 
basin  shoaling  rate  Is  In  excess  of  600,000  cu  yd*  annually.  Maintenance 
of  the  basin  design  depth  of  42  ft  mean  sea  level  (mal)  necessitates 


*  A  table  of  factors  for  converting  U.  S.  customary  units  of  measure¬ 
ment  to  metric  (SI)  units  Is  presented  on  page  3. 
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expensive  periodic  dredging  operations  and  hampers  the  operational  ad¬ 
vantages  discussed  In  the  above  paragraphs.  Not  only  Is  present  dredging 
cost  excessive  but  nearby  disposal  sites  are  fast  becoming  extinct, 
which  means  even  greater  future  cost  as  the  dredged  material  has  to  be 
carried  to  remote  dumping  areas. 


Purpose 

4.  The  purpose  of  the  model  study  as  stated  above  was  undertaken 
to  Investigate  two  problem  areas  located  In  the  St.  Johns  River  system. 
The  first  study,  reported  herein,  was  conducted  for  the  Department  of 
the  Navy  in  an  effort  to  help  develop  and  Investigate  plans  that  would 
reduce  shoaling  In  the  Mayport  Basin.  The  second  study  was  conducted 
for  the  Jacksonville  District  to  develop  and  test  plans  that  would  Im¬ 
prove  flushing  In  Mill  Cove  and  reduce  the  silting  rate.  Details  of 
the  Mill  Cove  investigation  are  contained  In  Report  3  of  the  series. 

Scope 

5.  This  report  describes  the  results  of  the  Mayport  Basin  study. 
Eleven  proposed  Improvement  plans  were  Investigated  during  the  course 
of  this  phase  of  the  model  study.  Seven  of  the  plans  were  subjected  to 
brief  testing,  primarily  visual  observations  and  shoaling  tests. 

The  Model 


6.  The  Mayport-Mlll  Cove  model  reproduces  approximately  287  square 
miles  of  the  prototype  area  including  a  portion  of  the  St.  Johns  River 
upstream  to  Hibernia  Point  (4  miles  upstream  from  Doctors  Lake);  about 
93  square  miles  of  the  Atlantic  Ocean  from  about  5  miles  south  and  north 
of  the  respective  Jetties  and  offshore  areas  well  beyond  the  -60  ft 
contour;  and  the  system  of  sloughs,  creeks,  and  rivers  that  affect  tidal 
action  throughout  the  model  ares.  The  Atlantic  Intracoastal  Waterway 
from  the  point  of  Intersection  with  the  St.  Johns  River  navigation 


5 


channel  was  reproduced  about  5  miles  In  the  north  and  south  directions. 
The  model  upstream  from  South  Jacksonville  was  bent  slightly  (11  degrees) 
to  the  east  In  order  to  fit  It  within  the  shelter.  The  Doctors  Lake 
area  was  also  bent  11  degrees  to  fit  this  area  In  the  shelter.  The 
limits  of  the  area  reproduced  are  shown  In  Figure  1  and  Plate  1. 

7.  The  model  was  constructed  to  linear  scale  ratios,  model  to 
prototype,  of  1:500  horizontally  and  1:50  vertically.  From  these  basic 
ratios  the  following  scale  relations  were  computed  by  the  Froudlan  rela¬ 
tions:  slope  10:1,  velocity  1:7.07,  time  1:70.7107,  discharge  1:176,777, 
volume  1:12,500,000,  area  (cross  section)  1:25,000,  and  area  (hori¬ 
zontal)  1:250,000.  The  salinity  and  dye  concentrations  ratios  for  the 
study  were  1:1.  One  prototype  cycle  (semidiurnal)  of  12  hr  25  min  was 
reproduced  In  the  model  In  10  min  32.34  sec.  Horizontal  grid  coordi¬ 
nates  are  based  on  the  Florida  coordinate  system  (East  Zone),  and 
vertical  control  was  based  on  USC6GS  msl  data.  The  model  was  approx¬ 
imately  500  ft  long  and  100  ft  wide  at  Its  widest  point  and  covered  an 
area  of  about  32,000  sq  ft.  It  was  completely  enclosed  to  protect  It 
and  tts  appurtenances  from  the  weather,  and  to  permit  uninterrupted 
operat Ion. 

8.  For  the  tests  reported  herein,  the  model  was  a  fixed-bed  type, 
molded  to  the  most  recent  prototype  hydrographic  surveys.  A  description 
of  the  model  and  appurtenances,  details  of  the  model  adjustment,  and 
model  verification  are  presented  In  Report  1  of  this  series. 
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Figure 


PART  II:  BASE  AND  PLAN  TEST  PROCEDURE 


Teat  Conditions 


9.  In  order  to  evaluate  the  effects  of  the  proposed  Improvement 
plans.  It  was  first  necessary  to  establish  hydraulic,  salinity,  surface 
current  pattern,  dye  dispersion,  and  shoaling  "base  tests"  that  depicted, 
respectively,  the  character  1st lcs  of  these  conditions  throughout  the 
model  for  existing  conditions.  Thus,  a  test  In  which  no  Improvement 
plan  was  Installed  In  the  model  Is  referred  to  as  a  base  test,  since  Its 
results  constitute  a  basis  of  comparison  for  determining  the  effects  of 
Improvement  plans.  Base  conditions  consisted  of  the  38— f t  channel  di¬ 
mensions  and  prototype  hydrographic  conditions  discussed  in  previous 
paragraphs  of  this  report.  Several  small  changes  were  made  subsequent 
to  model  verification  In  which  the  model  was  updated  to  Include  changes 
that  had  taken  place  after  the  prototype  surveys  In  1974.  These  changes 
were  as  follows:  (a)  one  pier  was  removed  and  one  small  slip  was  filled 
In  the  Jacksonville  area,  (b)  the  diked  disposal  area  was  added  on  the 
northwest  end  of  Quarantine  Island,  and  (c)  Back  River  was  filled  to 
conform  to  the  recently  completed  Offshore  Power  Systems  slip  located 
on  Blount  Island. 

10.  All  hydraulic,  salinity,  and  dye  dispersion  base  and  plan 
tests  were  conducted  with  model  conditions  of  a  b.4-ft  tide  range  at  the 
control  gage  (Little  Talbot  Island),  a  St.  Johns  River  freshwater  Inflow 
of  8,940  cfs,  and  a  source  salinity  concentration  of  33.0  ppt.  Base 
and  plan  shoaling  tests  were  conducted  Identically  to  the  procedures 
and  model  operating  conditions  developed  during  the  verification 
phase  of  the  study  discussed  in  Report  1  of  this  series.  Prior  to 
data  collection  of  any  type,  the  model  was  operated  for  a  sufficient 
period  of  time  to  achieve  a  condition  of  dynamic  salinity  stability. 

The  procedure  for  starting  operation  of  a  tidal  model  utilising  salt 
water  Is  developed  during  the  verification  phase  of  the  study  and  there¬ 
after  Is  followed  exactly.  The  Initial  salinity  concentrations  are 
artificial;  and  the  model  must  be  operated  for  a  period  of  time  to  allow 
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salinities  to  reach  stable  values  with  respect  to  time,  depth,  and  loca¬ 
tion.  It  was  found  In  the  Mayport-MUl  Cove  model  that  the  best  pro¬ 
cedure  was  to  flood  the  area  upstream  froai  South  Jacksonville  with 
fresh  water  and  the  ocean  and  downstream  area  with  ocean  water  (salt 
water)  to  high-water  elevation.  A  barrier  Installed  across  the  aodel 
at  South  Jacksonville  to  separate  the  fresh  and  salt  water  during  the 
flooding  stage  was  reaoved  and  the  tide  generator  and  freshwater  Inflow 
were  Initiated  to  begin  the  test.  The  model  was  operated  until  salinity 
stability  was  achieved  prior  to  Initiation  of  data  collection.  For  the 
3,940-cfs  freshwater  Inflow  conditions  It  was  necessary  to  operate  the 
model  for  about  12  tidal  cycles  (about  2  hr)  before  relatively  stable 
conditions  existed,  after  which  data  collection  could  be  Initiated.  To 
ensure  a  higher  degree  of  salinity  stability  when  obtaining  salinity  or 
dye  measurements,  salinity  and  dye  samples  were  not  taken  until  the 
model  had  operated  for  at  least  20  tidal  cycles  (about  3-1/2  hr). 

11.  Locations  of  stations  monitored  during  base  and  plan  tests 
are  shown  In  Plate  1.  Tide  gage  locations  are  Identical  with  those  In 
the  verification  except  that  three  gages  were  added  (1A,  9,  and  10)  to 
store  accurately  define  tidal  changes  resulting  from  any  plan  Investi¬ 
gated.  Cage  1A  reflects  tidal  conditions  In  the  ocean,  while  gages  9 
and  10  are  located  at  Dame  Point  and  In  the  Mill  Cove  weir,  respec¬ 
tively.  Cage  1  was  the  control  gage  throughout  all  base  and  plan  tests. 

12.  The  verification  of  current  velocities  and  salinities  was 
based  on  the  results  of  data  obtained  at  37  locations  throughout  the 
estuary  (see  Report  1).  This  coverage  was  not  sufficient  In  the  Mayport 
basin  area  to  give  a  complete  composite  picture  of  the  effects  of  any 
possible  future  Improvement  plan  to  be  tested;  therefore  the  station 
location  and  numbering  scheme  used  during  the  verification  phase  of  the 
model  study  was  abandoned  during  the  testing  phase  for  a  sampling 
scheme  that  would  better  define  the  effects  of  proposed  plsns. 

13.  Mile  0  of  the  authorised  navigation  channel  was  approximately 
5,000  ft  west  of  the  outer  end  of  the  jetties  and  was  the  point  of 
origin  for  the  new  numbering  schesw  for  stations  In  the  St.  Johns  River. 
Thus,  mile  0  was  designated  range  0.  Ranges  located  along  the  St.  Johns 
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River  generally  were  designated  by  a  number  representing  their  locations 
In  river  miles.  Ranges  located  In  between  river  miles  were  given  com¬ 
posite  designations,  e.g.  ranges  OA  and  OB  were  located  at  miles  0.4  and 
0.7.  Ranges  located  seaward  of  alle  0  and  In  the  Blount  Island  Channel 
likewise  were  assigned  special  designations.  These  special  designations 
were  required  because  of  the  way  data  processing  computer  codes  were 
encoded.  Individual  stations  located  on  each  range  are  designated  with 
a  letter,  beginning  with  "A"  at  the  southernmost  station.  Stations 
located  In  Mayport  Basin  were  designated  by  letters  prefixed  by  MB  (e.g. 
MBA,  MBB,  etc.). 

14.  Prior  to  conducting  hydraulic,  salinity,  or  dye  dispersion 
tests  In  the  Mavport  Basin  study,  shoaling  tests  were  conducted  of 
11  proposed  plans  to  Identify  those  most  likely  to  be  effective  In 
reducing  maintenance  dredging  costa.  The  best  plans  then  were  subjected 
to  more  detailed  testing. 


Hydraulic  Tests 


Tides 

IS.  Tidal  height  data  were  obtained  at  11  locations  throughout  the 
m>del  (Plate  1).  The  data,  collected  at  half-hour  Intervals,  were 
plotted  and  smooth  curves  were  drawn  through  the  points. 

Current  velocities 

lb.  Base  condition  current  velocity  data  were  obtained  at  33 
locations  throughout  the  model  for  the  Mayport  Basin  study,  except  that 
one  additional  station  was  included  in  tests  of  two  plans  which  Incor¬ 
porated  a  new  channel  from  the  basin  to  the  river.  Data  were  obtained  at 
the  surface,  middepth,  and  bottom  at  half-hour  Intervals  at  all  locations 
where  bottom  elevations  exceeded  -b  ft  msl.  Only  surface  and  bottom 
data  were  obtained  at  locations  where  bottom  depths  were  between  -2  and 
-b  ft  msl,  while  only  one  sample  (surface)  was  obtained  at  locations 
where  the  bottom  elevation  was  -2  ft  msl  or  less.  The  half-hour  measure¬ 
ments  were  plotted  and  smooth  curves  were  drawn  through  the  points.  Lo¬ 
cations  of  current  velocity  stations  are  shown  In  Plate  1  and  Figure  2. 


17.  Current  velocity  data  for  baae  and  all  plan  teata  were  ana¬ 
lysed  to  determine  flow  predominance.  Thla  method  of  preaentlng  current 
velocity  data  reduces  magnitude,  direction,  and  duration  of  the  currents 
to  a  single  expression  that  defines  the  predominant  direction  and  per¬ 
centage  of  total  flow  at  any  given  point.  This  expression  was  derived 
from  a  conventional  plot  of  velocity  versus  time  at  any  given  point. 

The  area  subtended  by  both  ebb  and  flood  portions  of  the  curve  was  mea¬ 
sured  and  sumaurlzed.  The  area  subtended  by  the  flood  portion  of  the 
curve  was  then  divided  by  the  total  area  and  multiplied  by  100  to  deter¬ 
mine  what  percentage  of  the  total  flow  was  In  the  flood  direction.  A 
negative  (-)  sign  and  a  positive  (♦)  sign  were  designated  to  Indicate 
ebb  direction  and  flood  direction,  respectively.  For  simplification, 
the  percentage  of  flow  In  the  flood  direction  was  calculated,  then  a 
value  of  SO  percent  was  subtracted  from  the  calculation  to  determine  pre¬ 
dominant  direction  and  magnitude.  Using  this  method  of  analysis,  a 
value  of  0  percent  Indicates  that  flows  In  both  the  ebb  and  flood  direc¬ 
tions  are  equally  balanced,  l.e.,  the  areas  under  the  ebb  and  flood 
curves  are  equal.  A  value  of  ♦SO  percent  Indicates  that  flow  at  that 
point  Is  In  the  flood  direction  at  all  times  during  a  tidal  cycle,  while 
a  -SO  percent  value  Indicates  flow  In  the  ebb  direction  throughout  a 
tidal  cycle. 

Sallnttv  Tests 


18.  base  test  salinity  data  were  obtained  at  the  same  33  locations 
throughout  the  model  as  for  velocities.  The  procedure  for  determining 
the  number  of  depths  sampled  per  location  was  Identical  with  that  used 
for  current  velocity  measurement s,  except  In  the  basin  where  five  depths 
were  monitored.  Salinity  concent  rat  Ions  we  re  determined  with  a  salinity 
meter  and  were  later  plotted  and  smooth  curves  drawn  through  the  points. 
l.ocations  of  salinity  stations  are  shown  In  Plate  1  and  Figure  2. 

Dye  Dispersion  Tests 

19.  Model  tents  were  made  to  determine  the  flushing  rate  of  the 
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basin  using  the  following  test  procedure;  the  basin  was  blocked  off  at 
low  water  and  a  given  amount  of  dye  was  thoroughly  mixed  with  the  water. 
The  initial  concentration  of  the  dye  Mixture  in  the  basin  for  base  and 
each  plan  test  was  8,700  ppb.  The  uniform  salinity  of  the  water  in  the 
basin  after  nixing  was  a  combination  of  the  average  salinity  existing  in 
the  basin  at  the  time  the  block  was  Installed  plus  1  litre  of  33  ppt 
salt  water  in  which  the  dye  was  mixed  prior  to  introduction  into  the 
basin.  Following  the  mixing  step,  the  block  or  blocks  (secondary  open¬ 
ing  when  appropriate)  were  removed  at  the  next  low  water  and  sampling 
was  initiated  and  continued  for  16  tidal  cycles.  The  first  basin  water 
samples  were  obtained  at  hour  4.75,  or  3  hr  after  the  block  had  been 
removed.  Prior  to  initiating  the  dye  test,  the  model  was  operated  for 
20  tidal  cycles  to  establish  salinity  stability  throughout  the  model. 

The  exact  procedure  was  followed  for  base  and  all  plan  tests  to  ensure 
that  the  initial  concentration  was  the  same  for  all  tests. 

20.  Locations  of  the  stations  sampled  are  shown  in  Plate  1  and 
Figure  2  and  were  the  same  as  the  stations  used  for  velocity  and 
salinity  measurements.  Within  the  basin  proper,  samples  were  obtslned 
at  five  depths  (surface,  quarter,  middepth,  three-quarter,  and  bottom), 
while  only  two  depths  were  monitored  outside  the  basin  (surface  and 
bottom).  Outside  the  basin,  samples  were  obtained  as  near  as  possible 
to  t lme  of  local  occurrence  of  high-water  slack  (hws)  and  low-water 
slack  (lws)  at  each  Individual  location  over  a  period  of  16  tidal 
cycles.  Currents  in  the  basin  are  very  complex  and  erratic.  Slack  times 
In  the  basin  varied  over  such  a  wide  range  that  it  was  decided  to  sample 
at  times  that  corresponded  to  mlddepth  slack  periods  occurring  at  sta¬ 
tions  located  In  the  navigation  channel  adjacent  to  the  basin.  The 
sampling  procedure  was  identical  for  all  tests  and  is  described  as 
follows.  Hws  samples  at  stations  located  at  the  sump  and  in  the  ocean 
were  obtained  at  hours  7.0  and  7.75,  respectively;  stations  located  in 
the  Atlantic  Intracoastal  Waterway  (AIWW),  north  and  south  of  the  naviga¬ 
tion  channel,  were  sampled  at  hour  9.25;  stations  located  in  the 
entrance,  including  the  basin,  starting  at  range  Y  up  to  and  including 
range  5  were  sampled  at  hour  10.25;  stations  located  on  ranges  7,  9,  and 
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10  were  sampled  at  hours  11. 0,  11.25,  and  11.5,  respectively.  Lws 
samples  In  the  sump  and  ocean  were  obtained  at  hours  1.0  and  1.75, 
respectively;  the  AIUW  stations  were  sampled  at  hour  3.0;  stations  Just 
upstream  of  the  basin  (ranges  1  A—  3 )  were  sampled  at  hour  4.5;  May port 
Basin  and  range  5  samples  were  obtained  at  hour  4.75;  samples  on  ranges 
Y-OB  and  9  were  collected  at  hour  5.0;  and  stations  on  ranges  7-10  were 
collected  at  hour  5.25.  Concentrations  of  the  samples  were  measured  by 
means  of  a  fluorometer.  The  fluorescent  dye  used  In  the  model  was 
conservative,  that  Is,  It  exhibited  very  minimal  decay  with  time.  Model 
dispersion  and  flushing  rates  thus  cannot  be  directly  related  to  the 
prototype  without  application  of  the  appropriate  decay  rate.  All 
measurements  are  plotted  on  aemllogarlthmtc  graph  paper  to  make  a 
detailed  analysis  possible  at  each  sampling  point. 

Surface  Current  Pattern  Mosaics 

21.  Surface  current  pattern  mosaics  made  for  base  test  and 
Mavport  Basin  plan  conditions  Include  a  portion  of  the  Atlantic  Ocean, 
the  entrance  area,  and  portions  of  the  estuary  on  either  side  of  the 
navigation  channel  up  to  about  range  5.  These  mosaics  were  used  In 
evaluating  the  proposed  plans  effects  on  current  patterns  and  navi¬ 
gation.  The  mosaics  also  provide  a  means  for  current  velocity  mea¬ 
surements  In  areas  too  shallow  for  measurements  with  the  velocity  meter. 
Surface  current  pattern  photographs  were  made  with  the  model  reproducing 
a  5.4-ft  tide  and  a  freshwater  Inflow  of  8,940  cfs. 

22.  The  mosaics  were  prepared  from  time-exposure  photographs  of 
confetti  floating  on  the  water  surface.  A  bright  light  was  flashed 
Immediately  before  the  camera  lenses  were  closed,  resulting  In  a  bright 
spot  at  approximately  the  end  of  each  confetti  streak  which  Indicates 
the  direction  of  flow.  Current  velocities  can  be  determined  from  the 
photographs  by  measuring  the  lengths  of  the  confetti  streaks  and  com¬ 
paring  the  lengths  with  the  velocity  scale  presented  In  each  mosaic. 
Photographs  were  taken  at  hourly  (prototype)  Intervals  throughout  a 
complete  tidal  cycle. 
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Channel  and  Basin  Shoaling  Teats 


23.  As  discussed  In  Report  1,  the  channel  shoaling  verification 
was  conducted  with  the  34-f  t  channel  Installed.  Base  and  all  plan  teats 
were  conducted  with  the  authorized  38-ft  channel  and  model  updates 
described  In  paragraph  9.  For  base  and  plan  teats  the  channel  was 
divided  Into  nine  reaches.  The  new  reach  (AA)  was  located  in  the  navi¬ 
gation  channel  seaward  of  mile  0.0.  The  Individual  sections  within 
each  reach  were  changed  from  the  variable  lengths  used  In  the  model 
verification  to  a  uniform  length  of  1,000  ft.  Locations  of  test  reaches 
and  Individual  test  sections  are  shown  In  Plate  2.  The  procedure  fol¬ 
lowed  during  base  and  plan  was  Identical  with  that  described  In  Report  1, 
the  only  difference  being  the  plan  which  was  being  Investigated  at  that 
time.  The  model  shoaling  material  was  Introduced  Into  the  model  In 
exactly  the  same  locations  and  manner  as  described  In  Report  1,  even 
though  the  channel  sections  had  been  modified. 

24.  Two  separate  base  condition  tests  using  gllsonlte  were  con¬ 
ducted  for  the  basin.  One  base  test  (base  test  1)  was  conducted  with 
the  38-ft  channel  and  above  model  revisions.  Shoaling  tests  of  plans  1, 

2,  and  3  (plans  without  a  secondary  opening  to  the  basin)  were  conducted 
with  the  Identical  procedure.  Following  visual  observations  of  the 
plans  by  the  District  and  Department  of  the  Navy  personnel.  It  was 
decided  that  basin  shoaling  tests  with  Improvement  plans  Involving  the 
secondary  opening  should  be  tested  with  the  fleet  (27  ships)  reproduced 
to  scale  and  anchored  In  the  model,  as  shown  In  Plate  3.  Fach  Individual 
ship  In  the  fleet  was  constructed  froai  wood  to  the  distorted  model  scsle 
and  placed  In  the  basin  In  accordance  with  the  anchorage  scheme  furnished 
by  the  Department  of  the  Navy.  The  model  ships  were  weighted  to  obtain 
proper  draft.  A  second  bane  tent  was  then  conducted  with  the  addition  of 
the  ships  as  the  only  change.  All  basin  shoaling  tests  with  plans  Involv¬ 
ing  the  secondary  opening  (plans  4,  4A,  4B,  4C,  5,  5A,  SB,  and  5C)  gated 
and  ungated  were  conducted  with  the  fleet  anchored  In  the  basin  and  re¬ 
sults  compared  with  results  of  base  test  2.  A  comparison  of  the  two  base 
tests  showed  that  the  presence  of  the  fleet  resulted  In  s  reduction  In 


the  shoaling  rate 

of  about 

8.2  percent 

as  shown  In  the 

fol lowing 

tabulat Ion: 

Base  1 

Base  2 

Base  1 

Base  2 

Section 

cc 

cc 

X  of  Total 

X  of  Total 

TB1 

0 

0 

0.0 

0.0 

TB2 

10 

0 

0.4 

0.0 

TB3 

20 

0 

0.8 

0.0 

TB4 

167 

180 

6.3 

7.5 

TB5 

415 

525 

15.8 

21.7 

NE 

730 

755 

27.7 

31.3 

SE 

528 

450 

20.1 

18.6 

SV 

357 

240 

13.6 

9.9 

NV 

275 

180 

10.4 

7.5 

Slip 

130 

85 

4.9 

3.5 

Total 

2,632 

2,415 

100.0 

100.0 

X  Change  -8,2 

Since  the  base  tests  were  sufficiently  similar,  plan  tests  1,  2,  and  3 
were  not  retested  with  the  ships  In  the  model. 

25.  In  addition  to  the  two  shoaling  base  tests  conducted  Inside 
the  basin,  a  base  test  3  using  granulated  plastic  was  conducted  for  the 
navigation  channel. 

26.  A  minimum  of  two  Identical  runs  was  made  with  each  plan  In¬ 
stalled  in  the  model.  Following  the  tests,  the  results  were  averaged 
and  compared  with  the  base  test  results  to  determine  effects  resulting 
from  the  construction  of  the  plans. 

Elements  of  Plans 

27.  Prior  to  selection  of  plans  for  model  teatlng  and  establish¬ 
ment  of  a  testing  program,  a  conference  was  held  at  WES  between  Navy, 
Jacksonville  District,  and  WES  personnel  for  the  purpose  of  discussing 
possible  solutions  to  the  shoaling  problem  In  the  Mayport  Naval  Basin. 
Plans  Included  In  these  discussions  were  a  sea-level  canal  connecting 
the  basin  (slip  area)  to  the  ocean  and  a  canal  connecting  the  basin 
(west  side)  to  Chlcoplt  Bay  located  west  of  the  basin.  These  two  plans 
were  acknowledged  as  being  potentially  promising.  However,  Navy  person¬ 
nel  eliminated  the  plans  on  grounds  of  being  economically  infeasible 
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since  several  rather  large  and  expensive  Naval  facilities  would  have  to 
be  relocated  In  order  to  construct  either  canal. 

28.  Five  basic  plans  were  Investigated  during  the  course  of  the 
study;  however,  basic  plans  together  with  various  combinations  of  these 
plans  resulted  In  a  total  of  1 1  overall  plans.  The  elements  of  the 
plans  are  described  as  follows.  Plan  1  (Figure  2a)  consisted  of  a  dike 
about  1,900  ft  In  length  which  paralleled  the  basin  exit  channel.  This 
dike  and  all  dikes  and/or  groins  In  other  plans  were  constructed  to  be 
Impervious  In  the  model  and  had  top  elevations  above  high  water.  Plan  1 
was  referred  to  as  an  extension  to  Wards  Bank  training  wall.  Plan  2 
(Figure  2b)  consisted  of  a  4,500-ft  dike  In  the  river  constructed  paral¬ 
lel  to  the  navigation  channel,  with  lta  beginning  adjacent  to  the  north¬ 
west  end  of  the  basin  (the  upstream  end  of  the  existing  Wards  Bank 
training  wall).  A  small  settling/turning  basin  was  dredged  Immediately 
Inside  the  dike  to  elevation  -42  ft  msl.  Plan  3  (Figure  2c)  consisted 
of  the  plan  2  dike  with  a  connection  back  to  the  seaward  end  at  Wards 
Bank  training  wall.  This  was  essentially  a  combination  of  plans  1  and  2. 
Plans  4  and  5  (Figure  2d)  Involved  only  the  secondary  opening  In  the 
northwest  corner  of  the  basin.  The  opening  width  for  plans  4  and  5  and 
all  other  plans  Involving  the  opening  was  held  constant  at  200  ft. 

Plan  4  was  molded  Into  the  model  at  a  bottom  depth  of  -42  ft  msl,  while 
plan  5  had  a  bottom  depth  of  -21  ft  msl.  Plans  4A  and  5A  (Figure  2e) 
were  combinations  of  plan  1  (1,900-ft  dike  parallel  to  exit  channel)  and 
the  secondary  opening  located  at  the  northwest  corner  of  the  basin. 

Plan  4A  had  an  opening  depth  of  —42  ft  msl,  while  5A  had  an  opening  depth 
of  -21  ft  msl.  Elements  of  plans  4B  and  5B  (Figure  2f)  were  Identical 
with  plans  4A  and  5A,  respectively,  except  that  the  openings  were  gated 
(closed)  during  the  period  between  hour  10.25  of  one  tidal  cycle  and 
hour  4.5  of  the  next  tidal  cycle  (ebb  current  period).  The  gate  was 
opened  during  the  period  between  hours  4.5  and  10.25  of  each  tidal  cycle 
(flood  current  period).  Plans  4C  and  5C  (Figure  2g)  were  a  combination 
of  the  plan  3  dikes  and  the  secondary  undated  openings.  Plan  4C  had  an 
opening  depth  of  —42  ft  me 1 ,  while  plan  5C  had  an  opening  depth  of  -21  ft 
msl.  The  secondary  opening  on  all  plans  had  vertical  walls. 
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Figure  2  (sheet  2  of  2) 
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PART  Ills  RESULTS  AND  DISCUSSION  OF  RESULTS 

I  I 

Shoaling  Teats 

29.  Shoaling  teats  were  conducted  for  the  base  and  11  plan  con¬ 
ditions.  Results  of  these  tests  are  shorn  In  Table  1  and  In  Figure  3. 
Locations  of  shoaling  sections  are  shown  In  Plate  2.  The  shoaling 
section  Identified  In  Figure  3  as  "EXIT  CH"  Is  actually  the  sua  of 
sections  TB-1  through  TB-5.  Base  conditions,  as  previously  discussed, 
varied  for  the  Mayport  Basin  shoaling  study.  Base  test  1  (no  ships) 
was  used  as  the  base  to  determine  effects  In  the  basin  of  plans  that 
did  not  Involve  a  secondary  opening  (Plans  1,  2,  and  3).  Base  test  2 
(with  model  ships)  was  used  as  the  base  for  determining  effects  In  the 
basin  of  plans  Involving  a  secondary  opening  (Plans  4,  4A,  4B,  AC,  5, 

5A,  SB,  and  SC).  Base  test  3,  utilized  to  determine  effects  of  the 
various  plans  on  shoaling  In  the  navigation  channel,  did  not  Include 
the  model  ships. 

30.  Tests  to  determine  effects  of  the  11  basic  plans  on  channel 
shoaling  were  limited  to  the  downstream  three  reaches,  AA,  A,  and  B; 
results  are  shown  In  Table  1.  Model  tests  showed  that  plans  4,  4A,  and 
4B  resulted  In  a  reduced  shoaling  rate  In  reach  AA,  while  the  remaining 
eight  plana  resulted  In  Increased  shoaling  In  this  reach.  The  re¬ 
spective  shoaling  Indexes  In  reach  AA  for  plans  4,  4A,  and  4B  were  83.3, 
66.7,  and  33.3  percent,  respectively.  Shoaling  Indexes  for  plans  1,  2, 
3.  4C ,  5,  5A.  5B,  and  5C  were  216.7,  150.0,  133.3,  116.6,  116.6,  133.4, 
133.3,  and  133.3  percent,  respectively.  Although  the  shoaling  Index 
values  for  this  reach  appear  to  be  drastic.  It  Is  pointed  out  that 
reach  AA  was  not  Included  In  the  channel  verification  as  no  prototype 
shoaling  records  were  available.  During  base  tests,  material  that 
deposited  within  the  limits  of  this  reach  was  recovered  and  measured; 
but  the  results  represent  an  unknown  deposition  rate  and  pattern.  It 

Is  emphasized  that  the  volumes  (30  cc  for  the  entire  reach  in  the  base 
test)  recovered  for  base  and  plan  conditions  were  extremely  small.  For 
example,  plan  1  showed  an  index  value  of  216.7  percent  but  had  a  total 
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volume  of  only  65  cc  of  material  deposited  within  the  limits  of  the 
reach.  On  the  other  hand,  no  shoaling  material  was  Introduced  Into  the 
model  In  or  adjacent  to  this  reach  as  was  done  for  all  other  reaches; 
thus,  the  only  source  of  material  to  reach  AA  was  that  material  moved 
downstream  through  reach  A  by  the  currents.  No  reliable  conclusions  con¬ 
cerning  the  shoaling  volume  In  reach  AA  can  be  reached  as  a  result  of 
channel  shoaling  tests  for  this  area;  however.  It  can  be  assumed  that 
the  volume  would  be  relatively  small. 

31.  Changes  In  shoaling  Index  values  In  reach  A  resulting  from 
plan  teats  were  generally  within  the  limits  of  accuracy  of  repeating 
Identical  model  tests  of  this  type.  No  plan  resulted  In  reducing  the 
shoaling  Index  for  this  reach  below  90.9  percent  (plan  1),  and  only 
plan  4  (120.2  percent)  Increased  the  shoaling  Index  above  107.2  percent. 
Very  little  effects  were  noted  In  shoaling  patterns. 

32.  Shoaling  In  reach  B  was  likewise  not  affected  by  any  of  the 
11  plans  Investigated  as  all  test  results  were  well  within  the  limits 

of  accuracy  of  repeating  tests  of  this  type.  Maximum  shoaling  Index  was 
106.0  percent  with  plan  2  and  minimum  shoaling  Index  was  91.9  percent 
with  plan  5  Installed.  Again,  as  In  reach  A,  no  significant  changes 
were  noted  In  shoaling  patterns. 

33.  Mavport  Basin  and  exit  channel  shoaling  test  results  for 
the  11  proposed  Improvement  plans  Installed  In  the  model  are  shown  In 
Table  1  and  In  Figure  3.  The  results  of  plans  1-3  are  shown  In 
Figure  3a.  These  three  plans  did  not  Involve  a  secondary  opening. 

Plans  4,  4C ,  5,  and  5C  results  are  shown  In  Figure  3b.  These  four  plans 
Involved  secondary  openings  In  combinations  with  the  dike  of  plan  3. 
Figure  3c  shows  the  effects  of  pl«<>s  4A,  4B,  5A,  and  SB.  These  four 
plans  Involved  the  secondary  opening  (gated  and  ungated)  In  combination 
with  the  dike  of  plan  1. 

34.  Figure  3a  shows  that  plans  1-3  reduced  shoaling  rates  in  the 
exit  channel  and  basin,  but  altered  overall  shoaling  patterns  very 
little.  Plans  1-3  shoaling  Index  values  were  determined  by  comparing 
results  with  base  test  1  (no  ship).  The  shoaling  Index  for  plans  1,  2, 
and  3  are  53.0,  53.4,  and  60.5  percent,  respectively.  Plans  1  and  2 


reduced  basin  shoaling  rates  a  greater  amount  than  any  of  the  othet  plans 
Investigated. 

35.  Results  with  plans  4  and  5.  shown  In  Figure  3b,  compared 
with  base  test  2  data  show  that  each  would  result  In  Increased  overall 
shoaling  rates  In  the  basin  by  38.5  and  24.2  percent,  respectively. 

Plan  4  resulted  In  a  very  substantial  reduction  In  the  shoaling  rates 
In  the  exit  channel,  but  the  Improvement  In  this  area  was  offset  by  the 
large  Increases  In  other  areas  of  the  basin,  especially  In  the  south¬ 
eastern,  southwestern,  and  northwestern  sections.  Plan  4C  resulted  In 
a  shoaling  Index  of  147.2  percent,  a  substantial  Increase  In  shoaling. 
Shoaling  patterns  with  plan  4C  were  similar  to  plan  4;  however,  exit 
channel  shoaling  was  very  near  the  base  condition  and  the  peak  shoal  was 
located  In  the  southeast  section  Instead  of  the  northeast  section  with 
plan  4. 

36.  Shoaling  Indexes  for  plans  5  and  5C  were  124.2  and  117.8  per¬ 
cent,  respectively  (Figure  3b).  Plan  5  shoaling  patterns  were  very 
similar  to  base  conditions  with  small  Increases  In  all  areas  with  the 
exception  of  the  northwest  section.  Increased  shoaling  In  this  one  area 
alone  accounted  for  about  50  percent  of  the  overall  Increase  In  shoaling 
In  the  entire  basin.  Plan  5C  caused  a  reduction  In  shoaling  In  the  exit 
channel  and  In  the  northeast  section  of  the  basin;  however,  the  reduc¬ 
tions  In  these  areas  were  heavily  outweighed  by  the  large  Increases  In 
the  southwest  and  northwest  sections  of  the  basin.  F.ach  plan  Involving 
an  ungated  secondary  opening  and  the  plan  3  dike  (plans  4,  4C,  5,  and  5C) 
caused  Increased  shoaling  In  the  slip. 

37.  Flans  4A  and  5A  (Figure  3c),  which  consisted  of  secondary 
openings  In  combination  with  the  dike  of  plan  1,  resulted  In  rather 
significant  Increases  In  shoaling  In  all  areas  of  the  basin  except  the 
exit  channel  where  small  decreases  were  observed.  Shoaling  Index  values 
for  plans  4A  and  5A  were  136.6  and  144.9  percent,  respectively.  Plan  4A 
showed  significant  Increases  In  all  sections  of  the  basin  except  In  the 
northeast  and  the  exit  channel.  Plan  5A  shoaling  rates  and  patterns 
were  very  simitar  to  base  conditions  In  the  exit  channel  and  In  the 
northeast  and  southeast  sections  of  the  model;  however,  very  heavy  shoals 
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developed  In  the  southwest  snd  northwest  sections  of  the  basin.  Shoaling 
rates  In  the  slip  were  Increased  significantly  with  plans  4A  and  5A. 

33.  Results  of  tests  conducted  with  plans  4B  and  SB  (gated  open¬ 
ings  In  combination  with  plan  1)  are  shown  In  Figure  3c.  Plans  4B  and 
SB  resulted  In  reducing  the  shoaling  Index  to  76.6  snd  72.0  percent, 
respectively.  With  plan  4B  Installed  In  the  model,  major  reductions  In 
basin  shoaling  were  realized  In  the  northeast  section  and  to  a  lesser 
extent  In  the  exit  channel.  Shoaling  rates  or  patterns  In  the  other 
areas  were  not  significantly  affected  by  this  plan.  With  plan  SB 
Installed  In  the  model,  major  reductions  were  obtained  In  the  northeast, 
southeast,  and  southwest  sections  of  the  basin.  Maximum  effect  was  In 
the  northeast  section.  The  exit  channel,  northwest  section,  and  slip 
were  not  significantly  changed  from  base  conditions. 

39.  Plans  1,  2,  3,  4B,  and  SB  resulted  In  reduction  of  the  shoal¬ 
ing  rates  In  the  basin.  Shoaling  was  Increased  with  plans  4A,  UC,  S, 

SA,  and  SC.  Plans  Involving  only  a  secondary  channel  (gated  or  ungated) 
resulted  In  Increased  basin  shoaling.  Secondary  channel  plans  combined 
with  the  best  dike  plan  resulted  In  higher  basin  shoaling  rates  than 
the  dike  above.  On  the  basis  of  these  shoaling  test  results,  plans  1, 

3,  4B,  and  SB  were  selected  for  more  detailed  testing.  Plan  2  was  not 
selected  for  additional  testing  because  the  model  results  Indicated  that 
the  additional  cost  of  constructing  the  settling  basin  (an  compared  with 
the  cost  of  the  1 ,900-f t-long  dike  Included  In  both  plans  1  and  2)  did 
not  result  In  any  less  shoaling  in  the  basin  than  that  for  plan  1.  Thus, 
the  additional  construction  cost  would  not  yield  any  reduction  In  main¬ 
tenance  costa.  Although  plans  3,  4B,  and  SB  would  have  higher  construc¬ 
tion  costa  than  plan  1  and  also  exhibited  higher  shoaling  rates,  they 
were  Included  In  the  detailed  tent  phase  to  ensure  the  selection  of  a 
satisfactory  plan  from  the  standpoint  of  basin  flushing. 

Tidal  Observations 


40.  None  of  the  four  plans  (1,  3,  4B,  snd  SB)  Investigated  ex¬ 
tensively  had  any  effects  on  base  condition  tidal  heights  or  phasing,  as 
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shown  In  Pistes  4-9.  Dsts  presented  In  these  pistes  show  thst  si  1 
plsn  test  results  were  well  within  the  Halts  of  sccurscy  of  repeating 
Identical  model  testa. 


Current  Observations 


41.  Hourly  current  velocity  Measurements  resulting  from  tests  con¬ 
ducted  with  plans  1,  3,  4B,  and  SB  Installed  In  the  model  are  shown  In 
Plates  10-76.  Results  of  flow  predominance  calculations  are  shown  In 
Table  2  and  In  Figures  4-9.  Surface  current  patterns  for  base  and  plan 
conditions  are  shown  In  Photos  1-2S. 
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gure  7.  Surface  flow  predominance,  basin  stations 


Figure  8.  Middepth  flow  predominance,  basin  stations 


Figure  9.  Bottom  flow  predominance,  basin  stations 


42.  None  of  the  four  plans  resulted  In  any  significant  changes 
In  maximum  currents  measured  along  the  navigation  channel  except  In  the 
Immediate  vicinity  of  the  plans  (sta  OB,  OBB,  OBC,  1AA,  1AB,  and  1AC). 
Likewise,  no  significant  changes  were  observed  In  time  of  slack  waters 
or  flow  predominance  In  the  channel  other  than  In  the  Immediate  vicinity 
of  the  plans.  The  greatest  effects  on  maximum  currents  In  the  naviga¬ 
tion  channel  occurred  during  ebb  flows  and  were  observed  at  sta  OB 
(Plates  15  and  48)  and  OBC  (Plates  19  and  52),  located  on  the  center 
line  of  the  navigation  channel  opposite  the  plans.  Effects  were  the 
greatest  at  sta  OB.  Plan  1  resulted  In  the  greatest  change  at  sta  OB, 
with  Increases  In  maximum  ebb  currents  of  1.3,  1.6,  and  2.0  fps,  sur¬ 
face,  middepth,  and  bottom,  respectively.  Plan  1  caused  maximum  surface 
currents  at  sta  OB  to  Increase  from  2.8  (base)  to  4.1  fps,  while  maximum 
alddepth  currents  Increased  from  a  base  condition  value  of  2.3  to 

3.9  fps.  Bottom  depth  maximum  currents  Increased  from  1.7  to  3.7  fps. 
Plan  1  caused  a  alight  increase  In  flood  currents  at  this  location,  but 
not  to  the  degree  observed  during  ebb  flows.  The  greatest  effect  with 
plan  5B  was  likewise  observed  at  sta  OB,  surface  depth,  at  which  point 
the  maximum  ebb  current  was  Increased  from  2.8  to  4.6  fps.  Range  1A 
was  adjacent  to  the  river  end  of  the  secondary  opening  of  plans  4B  and 
5B,  and  surface  flood  velocities  were  increased  at  the  closest  station 
(sta  1AA,  Plate  53)  by  about  1.0  fps  but  decreased  In  the  center  of  the 
channel  (sta  1AB,  Plate  54)  and  on  the  opposite  side  of  the  river 
(sta  1AC,  Plate  55)  by  about  1.0  fps.  Plans  3,  4B,  and  5B  resulted  in 
Increased  maximum  ebb  currents  In  the  navigation  channel  adjacent  to  the 
basin  on  the  order  of  0.5  to  1.5  fps.  Small  changes  were  observed  at 
other  channel  stations  but  were  generally  within  the  limits  of  accuracy 
of  repeating  Identical  teats. 

43.  Flow  predominance  values  shown  In  profile  form  for  stations 
located  along  the  navigation  channel  center  line  are  shown  In  Figures 
4-6.  There  were  no  reversals  of  predominant  flow  direction  except 
when  base  and  plan  values  were  within  the  range  of  *5  percent.  Since 
this  range  Is  essentially  balanced  flow,  the  changes  in  direction  are 
Insignificant.  A  relatively  large  Increase  In  surface  ebb  predominance 


(10  to  20  percent)  was  noted  at  each  of  the  channel  stations  located  near 
the  mouth  of  the  basin  exit  channel  and  proposed  dikes  (sta  2B,  OB,  and 
OBC).  Several  rather  large  Increases  (10  to  15  percent)  In  surface  ebb 
predoalnance  can  be  seen  at  sta  3A,  5A,  and  7A  (Figure  4).  In  general, 
the  plans  have  alnlaal  Influence  on  flow  predoalnance  In  the  navigation 
channel . 

44.  Hourly  current  velocity  aeasureaents  collected  within  the 
basin  (sta  MBA-MBN)  with  plans  1  and  3  (see  Figures  2a  and  2c  for  loca¬ 
tions)  Installed  are  shown  In  Plates  30-42,  while  plans  4B  and  5B  (see 
Figure  2f  for  locations)  hourly  velocity  data  for  the  same  stations  are 
shown  In  Plates  63-76.  Current  velocities  at  locations  within  the  basin 
were  too  low  to  measure  using  the  current  meter,  therefore  velocity 
magnitude  had  to  be  determined  with  floats  and  dye,  as  described  In  Re¬ 
port  1.  Velocity  measurements  In  the  basin  exit  channel  (sta  OA,  OAA, 
and  OBA)  are  presented  In  Plates  14,  16,  and  17  for  plans  1  and  3  and 

In  Plates  47,  49,  and  50  for  plans  4B  and  5B. 

45.  Except  at  the  surface  of  sta  OAA  and  flood  velocities  at 
sta  OBA  for  plans  4B  and  5B,  velocity  changes  In  the  exit  channel  were 
rather  small  for  all  four  plans.  Maximum  ebb  and  flood  velocities  gen¬ 
erally  were  changed  on  the  order  of  ♦O. 5  fpa  or  leas.  At  sta  OAA 
(Plates  16  and  49),  however,  the  surface  current  phasing  was  completely 
reversed  and  the  maximum  surface  ebb  velocity  was  reduced  by  about  1  to 
2  fps.  This  station  was  located  Immediately  adjacent  to  the  downstream 
end  of  the  proposed  dike.  During  the  base  test,  surface  flow  at  sta  OAA 
was  dominated  by  main  channel  flow;  however.  In  the  plan  tests,  the  sta¬ 
tion  was  protected  from  main  channel  flow  by  the  dike  and  was  dominated 
by  flow  to  and  from  the  basin.  Examination  of  velocity  measurements  at 
sta  OBA  (Plates  17  and  50)  Indicates  that  the  surface  and  bottom  waters 
for  both  base  and  plan  are  out  of  phase.  During  the  early  phase  of  the 
rising  tide  (hours  2  to  6),  the  basin  Is  being  filled  from  the  surface 
of  the  exit  channel;  whereas  during  the  final  phase  of  the  rising  tide 
(hours  6  to  8),  the  basin  fills  from  the  bottom.  During  the  falling 
tide,  the  basin  empties  from  the  surface  but  continues  to  be  fed  wster 
from  the  bottom  of  the  exit  channel;  thus,  suspended  sediments  csn  be 


transported  Into  the  basin  throughout  the  entire  tidal  cycle.  Maximum 
flood  velocities  at  sta  OBA  were  Increased  by  0.5  to  1.0  fps  for  plans 
4B  and  5B. 

46.  Neither  plan  1  nor  3  resulted  In  any  significant  Increases  In 

max 1 sum  current  velocities  at  stations  located  within  the  basin,  as  In 

each  case,  base  and  plans,  no  velocities  were  measured  In  excess  of  1.5 

fps.  The  maximum  velocity  of  1.5  fps  was  observed  at  sta  MBF  (Plate  35) 
at  the  surface  depth  with  base  conditions  during  s  flooding  tide.  Plans 
1  and  3  maximum  velocities  at  this  location  and  time  were  1.4  and  1.2 
fps,  respectively.  Maximum  ebb  currents  In  the  basin  were  generally 
much  less  than  maximum  flood  currents.  In  general,  maximum  velocities 
were  about  0.5  to  0.8  fps  for  plans  1  and  3  and  the  base  test. 

47.  Plans  4B  and  5B  (plans  with  s  gate  In  the  secondary  channel 

open  only  during  flood  tide,  hours  4.5  to  10.25)  had  a  greater  effect 
than  either  plans  1  or  3  on  maximum  current  velocities  Inside  the  basin. 
Maximum  effects  on  maximum  currents  were  observed  during  flooding  con¬ 
ditions  at  four  stations:  MBP,  MBX,  and  MBL  (Plates  68,  72,  and  73), 

each  located  In  or  near  the  basin  entrance,  and  at  sta  KBM  (Plate  74), 
located  alongside  the  carrier  docking  area.  Maximum  ebb  currents  at  the 
above  stations  were  In  almost  all  cases  slightly  lower  than  those  ob¬ 
served  during  base  conditions.  Maximum  flood  currents  observed  at  the 
four  stations  discussed  above  with  plans  4B  and  5B  Installed  are  shown 
In  the  following  tsbulatlon. 
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The  greatest  current  velocity  (2.0  fps)  anywhere  In  the  basin  was  ob¬ 
served  st  sta  MBL,  surface  depth,  with  plan  4B  Installed;  however. 
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maximum  surface  flood  currents  at  the  other  three  locations  shown  above 
with  plan  4B  Installed  were  very  close  to  the  maximum  velocity  observed 
at  sta  MBL.  Essentially,  all  middepth  and,  to  a  lesser  extent,  bottom 
maximum  currents  at  these  four  stations  were  increased  as  a  result  of 
both  plans  4B  and  5B.  These  Increases,  generally  less  than  those  for 
surface  currents,  probably  are  algnif leant  enough  to  adversely  Influence 
berthing  requirements  In  the  area. 

48.  Changes  In  maximum  currents  at  other  locations  were  generally 
very  small.  The  only  other  station  that  was  affected  to  any  significant 
degree  was  sta  MBN  (Plate  75),  located  near  the  secondary  opening.  Maxi¬ 
mum  flood  currents  at  this  location  were  Increased  about  0.5  to  0.8  fps, 
whereas  ebb  currents  were  essentially  unchanged. 

49.  Maximum  currents  measured  at  sta  MBP  (located  In  secondary 
opening,  see  Figure  2f  for  location  and  Plate  76  for  data)  were  generally 
about  2.4  to  2.7  fps  at  each  depth  for  plans  4B  and  5B.  These  were 
flood  currents  only,  as  the  openings  were  closed  during  ebb  flow.  These 
velocities  are  sufficient  to  cause  some  scouring;  therefore  the  bed  of 
the  secondary  channel  might  have  to  be  protected  by  some  means.  Effects 
of  the  opening  on  nsvlgstlon  conditions  In  the  chsnnel  with  either  plan 
would  be  Insignificant  as  Indicated  by  the  surface  current  patterns 
shown  In  Photos  16-25. 

50.  Flow  predominance  calculations  for  stations  located  In  the 
basin  and  exit  channel  are  shown  In  Table  2  and  In  Figures  7-9.  It 
should  be  emphasized  at  this  point  that  due  to  varying  flow  direction 
In  the  basin  In  combination  with  the  very  low  velocities  and  method  of 
data  collection  (floats  and  dye),  the  degree  of  accuracy  for  current 
velocity  measurements  In  the  basin  Is  not  as  good  as  In  the  main  channel. 
In  order  to  show  flow  predominance  In  profile  form  for  the  exit  channel 
and  basin  stations,  a  pattern  or  route  was  established.  The  starting 
point  was  at  sta  0A,  located  In  the  exit  channel,  and  continued  Into 

the  basin  In  a  clockwise  direction.  Neither  sta  MBA  (In  the  slip)  nor 
sta  MBP  (in  the  secondary  opening  of  plana  4B  and  5B)  Is  included  in 
these  figures.  Interpolation  between  points  shown  In  Figures  7-9  only 
should  be  done  considering  the  location  of  each  station. 
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51.  Table  2  and  Flgurea  7,  8,  and  9  preaent  flow  predominance 
for  the  aurface,  middepth,  and  bottom,  respectively,  and  ahow  that  each 
of  the  four  plana  resulted  In  changes  to  existing  flow  predominance  In 
the  basin  itaelf  and  In  the  exit  channel.  Analysis  of  these  data  shows 
considerable  differences  In  effect  of  the  plans  from  surface  to  bottom. 
Trends  can  be  observed  If  the  data  are  separated  or  grouped  to  show 
effects  In  Individual  areas  of  the  basin. 

52.  In  general,  the  two  plans  consisting  only  of  training  dikes 
(plans  1  and  3)  exhibited  similar  changes  to  surface,  alddepth,  and 
bottom  flow  predominances.  In  the  exit  channel  to  the  basin,  minimal 
changes  resulted  at  the  outer  end  (ata  OA) .  A  significant  reduction  In 
ebb  predominance  at  the  aurface,  a  change  from  slight  ebb  to  slight 
flood  predominance  at  middepth,  and  a  slight  Increase  In  ebb  pre¬ 
dominance  were  measured  In  the  midportion  (sta  OAA) .  A  change  from 
balanced  flow  to  flood  predominance  at  the  surface,  reduction  of  flood 
to  slight  flood  for  plan  1  and  slight  ebb  predominance  for  plan  3  at 
alddepth,  and  marked  reduction  from  essentially  total  flood  to  moderate 
flood  predominance  at  the  bottom  for  the  Interior  portion  (sta  OBA) 
occurred.  These  changes  at  the  mouth  of  the  basin  (sta  OBA),  combined 
with  the  minimal  changes  in  maximum  velocities  (Plate  17)  that  were 
observed,  would  have  the  effect  of  a  moderate  Increase  In  inward  trans¬ 
port  at  the  surface,  a  reduced  moderate  Inward  transport  for  plan  1  and 
change  to  slight  outward  transport  for  plan  3  In  the  middepth,  and  a 
marked  decrease  In  Inward  transport  on  the  bottom.  Although  consider¬ 
ation  must  be  given  to  the  phase  difference  in  velocity  at  the  various 
depths  and  the  settling  velocity  of  the  material,  the  general  trend 
should  result  In  an  overall  reduction  In  material  brought  to  the 
entrance  to  the  basin  for  plans  1  and  3. 

53.  Immediately  lnalde  the  baaln,  a  change  from  moderate  ebb  to 
slight  flood  predominance  on  the  north  aide  (sta  MBK)  and  a  minimal  re¬ 
duction  of  the  moderate  flood  predominance  on  the  aouth  side  (sta  MBF) 
at  the  surface  were  observed.  Change  from  strong  ebb  to  moderate  flood 
predominance  on  the  north  aide  and  a  slight  decrease  in  strong  ebb  pre¬ 
dominance  on  the  south  side  were  measured  at  middepth.  A  marked  change 
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fro®  slight  flood  on  the  north  side  snd  slight  ebb  on  the  south  side  to 
strong  ebb  predominance  occurred  st  the  bottom.  These  changes  combined 
with  the  observed  changes  In  maximum  velocities  should  result  In  minimal 
changes  to  net  flood  transport  at  the  surface,  significant  reduction  of 
ebb  transport  at  middepth,  and  marked  Increase  to  strong  ebb  transport 
at  the  bottom  Immediately  Inside  the  entrance  to  the  basin.  The  overall 
change  should  be  a  reduction  of  material  brought  Into  the  basin  with  a 
considerable  Improvement  In  flushing  near  the  bottom  for  plans  1  and  3. 

54.  Inside  the  basin  In  the  southern  portion  (sta  MBC,  MBB,  MBD, 
and  MBE),  essentially  all  locations  showed  a  decrease  In  the  flood  pre¬ 
dominance  presently  existing  at  the  surface.  At  middepth,  a  reduction 
In  ebb  predominance  or  change  to  flood  predominance  occurred  from  the 
generally  ebb  predominance  presently  existing.  The  one  exception  Is  In 
the  southwest  corner  (sta  MBF)  where  an  existing  flood  predominance  Is 
changed  to  slight  flood  and  moderate  ebb  predominance  for  plans  3  and  1, 
respectively.  Near  the  bottom,  both  plans  result  In  an  Increase  In  the 
ebb  predominance  presently  existing.  Conclusions  for  the  southern  por¬ 
tion  are  difficult  to  reach. 

35.  In  the  northern  portion  (sta  MBN,  MBM,  and  MBL),  existing 
strong  ebb  predominance  was  generally  reduced  minimally  by  plans  1 
and  3. 

56.  In  the  central  portion  (sta  MBC ,  MBH,  and  MBJ),  relatively 
minimum  changes  to  flood  predominance  at  the  surface,  changes  from  slight 
or  strong  ebb  predominance  to  moderate  flood  predominance  at  middepth, 
and  generally  changes  from  moderate  or  slight  flood  to  moderate  or 
strong  ebb  predominance  at  the  bottom  occurred. 

57.  As  shown  for  plsns  1  and  3,  plans  4B  and  5B  (with  a  second¬ 
ary  opening  Into  the  basin)  exhibited  similar  results.  In  general, 
the  results  are  most  similar  for  all  four  plans  tested  In  the  exit 
channel  and  become  progressively  dissimilar  nearer  the  location  of  the 
secondary  opening. 

58.  In  the  exit  channel,  surface  and  bottom  flow  predominances 
were  similar  for  all  plans.  At  middepth,  plans  4B  and  5B  tended  to 
develop  a  stronger  flood  predominance  than  plans  1  and  3.  In  general. 
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conclusions  applicable  to  plans  1  and  3  are  applicable  to  plans  4B  and 
5B;  however,  because  of  the  higher  flood  velocities  associated  with 
plans  4B  and  5B  as  compared  with  plans  1  and  3  particularly  at  the  basin 
end  of  the  channel  (Plates  17  and  50),  plans  4B  and  5B  should  cause 
a  higher  transport  of  material  to  the  basin. 

59.  Immediately  Inside  the  basin,  the  surface  predominance 
changes  from  slight  ebb  to  moderate  flood  on  the  north  side  (sta  MBK) 
and  changes  minimally  from  the  moderate  flood  on  the  south  side  (sta 
MBF).  At  middepth,  the  north  side  changes  from  strong  ebb  to  moderate 
flood  predominance  and  the  predominance  Increases  and  decreases  from 
the  strong  ebb  on  the  south  side  for  plans  4B  and  5B,  respectively. 

The  predominance  changes  for  the  bottom  are  an  Increase  from  slight 
clood  to  strong  flood  on  the  north  side,  and  on  the  south  side  no 
change  from  the  slight  ebb  for  plan  5B  and  change  to  moderate  flood 
for  plan  4B.  In  general,  the  flow  predominance  results  would  Indicate 
an  Increase  in  the  material  transported  to  the  basin  when  compared  with 
existing  conditions. 

60.  The  flow  predominance  for  the  southern  portion  of  the  basin 
(sta  NBC,  MBB,  MBD,  and  MBE)  Is  relatively  complex;  however,  the  general 
trend  Is  for  plans  4B  and  5B  to  develop  more  of  a  surface  flood  pre¬ 
dominance  trend  than  plans  1  and  3.  At  middepth,  plans  4B  and  5B  caused 
stronger  ebb  predominance  than  plans  1  and  3  while  on  the  bottom  no 
general  trend  Is  evident.  The  comparison  with  existing  conditions  Is 
not  nearly  as  clear. 

61.  At  most  locations  In  the  central  and  northern  portion  of  the 
basin  (sta  MBN,  MBM,  MBL,  NBC,  MBH,  and  MBJ),  surface,  middepth,  and 
bottom  clearly  were  changed  to  flood-predominant  when  compared  with 
plans  1  and  3  and  particularly  existing  conditions.  The  only  exceptions 
were  on  the  bottom  for  plan  4B  where  sta  MBM  was  changed  to  essentially 
all  ebb  flow  and  sta  MBL  was  changed  to  essentially  balanced  flow. 

Plans  4B  and  5B  resulted  In  marked  Increases  In  flood  velocities  through 
the  area  and  out  through  the  secondary  opening.  Conclusions  on  material 
tranaport  through  the  area  are  dependent  strongly  on  the  amount  of  ma¬ 
terial  In  suspension  during  the  flood  phase;  however,  the  results  of  the 
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flow  predominance  computations  Indicate  a  significant  transport  of  ma¬ 
terial  out  of  the  basin  In  this  area. 


62.  The  following  tabulation  summarizes  the  effects  of  the  plans 
on  average  flow  predominance  In  the  basin.  The  values  shorn  were  ob¬ 
tained  by  averaging  results  at  12  locations  within  the  basin.  Sta  NBA, 
located  In  the  extreme  end  of  the  slip,  was  excluded. 

_  Average  Flow  Predominance 


Depth 

Base 

Plan  1 

Plan  3 

Plan  4B 

Plan  5B 

Surface 

♦2.0 

♦2.3 

♦2.9 

♦24.2 

♦20.3 

Middepth 

-18.1 

-8.0 

♦  1.1 

♦  3.5 

♦  3.7 

Bottom 

-8.6 

-27.0 

-19.8 

♦9.8 

♦4.5 

Average 

-8.2 

-10.9 

-5.3 

♦  12.5 

♦9.5 

NOTE:  Minus  sign  (-)  denotes  ebb  predominance;  plus  sign  (♦) 
denotes  flood  predominance. 

63.  Based  on  the  results  of  velocity  measurements  and  flow  pre¬ 
dominance  calculation,  plans  1  and  3  appear  to  reduce  the  potential  for 
shoaling  In  the  basin  due  to  an  apparent  reduction  In  potential  for 
Introduction  of  material  to  the  basin  at  the  entrance.  The  results  of 
plans  4B  and  5B  are  not  nearly  as  conclusive.  The  potential  to  Increase 
materials  Introduced  to  the  basin  exists;  however,  the  transport  of 
material  out  of  the  basin  via  the  secondary  opening  could  more  than 
offset  this  increase.  The  velocity  data,  flow  predominance  data,  and 
dya  results  combined  with  additional  Information  on  the  characteristics 
of  the  material  not  praaently  available  could  provide  a  baala  for  a  much 
more  rigorous  analysis  of  the  shoaling  of  the  basin.  Such  an  analysis 
la  beyond  the  scope  of  this  Investigation. 

Salinities 

64.  The  effects  of  plans  1  and  3,  4B  and  5B  on  hourly  salinity 
concentrations  at  locations  throughout  the  model  over  a  complete  tidal 
cycle  are  shown  In  Plates  77-122,  and  123-169,  respectively.  Plan 
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effects  on  ssllnlty  values  averaged  over  a  tidal  cycle  are  shown  in 
Table  3  and  in  Figures  10  and  11. 
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Figure  11.  Average  salinity  profile,  Nayport  Basin 


65.  Effects  of  all  proposed  Improvement  plans  on  base  condition 
salinities  were  very  similar,  as  changes  In  salinity  concentration  and 
direction  of  change  were  approximately  the  same  for  each  plan.  Fig¬ 
ure  10  shows  the  effects  of  the  four  proposed  Improvement  plans  on  aver¬ 
age  salinity  concentrations  at  stations  located  along  the  center  line 

of  the  navigation  channel.  Each  of  the  four  plans  resulted  In  a  small 
overall  reduction  (less  than  2.0  ppt)  to  average  salinity  concentrations 
from  the  entrance  through  ata  10A.  The  only  exception  to  the  general 
reduction  In  average  salinity  concentrations  was  observed  with  plan  4B 
Installed.  Plan  4B  resulted  In  a  small  Increase  (about  0.3  ppt) 

In  average  salinity  concentration  at  sta  YA  to  OBC,  located  In  the 
entrance. 

66.  At  most  stations  the  degree  of  salinity  change  was  greatest 
during  ebb  flow  and  the  period  around  lws  (the  general  period  of  mini¬ 
mum  salinities).  Also,  the  degree  of  change  at  middepth  usually  was 
greater  than  that  at  the  surface  or  bottom  as  indicated  In  the  following 
tabulat Ion. 


Average  Salinities,  ppt  (Channel  (^Stations) 


Depth 

Base 

Plan  1 

Dlff 

Plan  3 

Dlff 

Plan  4B 

Dlff 

Plan  5B 

Dlff 

Surface 

21.1 

20.6 

0.5 

21.0 

0.1 

21.0 

0.1 

19.9 

1.2 

Middepth 

26.8 

25.9 

0.9 

25.7 

1.1 

26.3 

0.5 

25.5 

1.3 

Bottom 

29.0 

28.8 

0.2 

28.2 

0.8 

28.8 

0.2 

28.6 

0.4 

Average 

25.6 

25.1 

0.5 

25.0 

0.6 

25.4 

0.2 

24.7 

0.9 

67.  Average  salinity  concentrations  at  statlona  located  In  the 
basin  and  exit  channel  reflected  changes  very  similar  to  those  occurring 
along  the  navigation  channel.  F.ach  plan  resulted  In  small  (less  than 
2.0  ppt)  overall  reductions  In  concentrations  as  shewn  by  the  average 
salinity  concentrat Ion  profile  plot  In  Figure  11.  Again,  as  observed 
along  the  navigation  channel,  the  largest  changes  occurred  for  minimum 
salinities  snd  at  middepth.  The  tabulation  below  showa  the  effecta  of 
the  plana  on  average  salinity  concentrations  at  the  surface,  middepth, 
and  bottom  for  statlona  located  within  the  basin. 
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Average  Salinity,  ppt  (Basin  Stations) 


Depth 

Base 

Plan  1 

Plan  3 

Plan  4B 

Plan  5B 

Surface 

24.5 

24.3 

23.7 

24.0 

24.7 

Middepth 

31.0 

30.5 

30.5 

30.6 

30.2 

Bottom 

32.4 

32.2 

31.9 

32.3 

32.1 

Average 

29.3 

29.0 

28.7 

29.0 

29.0 

68.  The  effects  of  the  plans  on  average  salinities  are  generally 
less  than  1.0  ppt,  and  many  results  are  within  or  reasonably  close  to 
the  Halts  of  accuracy  In  repeating  Identical  tests  of  this  type.  The 
Influences  of  the  plans  on  salinities  are  small,  but  the  model  obser¬ 
vations  consistently  show  that  all  of  the  plans  would  reduce  average 
salinity  by  0.5  to  2.0  ppt  throughout  at  least  the  lower  10  miles  of  the 
estuary.  Including  the  Kavport  Basin. 

Pve 

69.  The  effects  of  plans  1  and  3  on  hws  and  lws  dye  samples  at 
locations  throughout  the  basin  and  estuary  over  the  entire  16-cycle  test 
period  are  shown  In  Plates  170-201  and  202-233,  respectively.  Similar 
data  collected  with  Improvement  plans  4B  and  5B  installed  In  the  model 
are  shown  In  Plates  234-266  and  267-299  for  hws  and  lws  periods,  re¬ 
spectively.  Dye  data  used  to  prepare  the  above  plates  are  also  shown  In 
tabular  form  In  Tables  4  and  5,  hws  and  lws  samples,  respectively. 

70.  Although  all  data  obtained  during  the  dye  tests  are  presented 
In  the  figures  and  tables,  data  obtained  at  tidal  cycle  6  and  later 

are  not  considered  valid.  In  the  course  of  conducting  the  test,  dye 
Is  Introduced  Into  the  ocean  during  ebb  flow.  Portions  of  this  dye 
reach  the  sump  by  the  second  tidal  cycle  through  the  mixing  weirs 
skimming  water  from  the  surface  of  the  ocean.  Inspection  of  the  results 
and  observations  of  the  model  Indicate  that  this  dye  was  not  reintro¬ 
duced  Into  the  study  area  until  approximately  the  sixth  tidal  cycle. 

71.  In  addition,  the  plume  of  dyed  water  that  was  Introduced  into 
the  ocean  during  the  Initial  ebb  flow  circulates  In  the  ocean  In  a 
counterclockwise  pattern  and  la  reintroduced  Into  the  entrance  of  the 


39 


river  during  tidal  cycle  6.  Both  of  the  occurrences  result  In  conditions 
that  are  not  considered  to  be  representative  of  what  would  occur  In  the 
prototype. 

72.  Results  of  the  dye  test  during  the  first  five  tidal  cycles 
were  evaluated  in  several  ways.  Comparisons  were  aade  of  the  base  and 
plan  results  In  the  main  navigation  channel  as  well  as  within  the  basin. 
None  of  these  comparisons  resulted  In  any  definite  trends  with  one  ex¬ 
ception.  The  data  within  the  basin  were  averaged  for  all  stations  at 
each  tidal  cycle;  results  are  presented  In  Table  b  and  Plgurea  12-15. 

In  comparing  the  data  prism  with  the  sixth  tidal  cycle,  none  of  the 
data  for  plana  1  and  3  show  any  Improvement  In  flushing;  the  data  for 
plana  4B  and  5B  do  show  an  improvement  In  flushing.  The  greatest  im¬ 
provement  In  flushing  occurs  for  data  taken  near  the  bottom.  Dye  con¬ 
centrations  for  the  fifth  tidal  cycle  at  hws  are  reduced  from  62  ppb  to 
12  ppb  for  plan  4B  and  to  34  ppb  for  plan  5B.  At  lws  reductions  are 
from  76  ppb  to  13  ppb  for  plan  4B  and  to  45  ppb  for  plan  5B.  Lesser  re¬ 
duction  occurred  at  shallower  depths  with  no  reduction  occurring  near  the 
surface  for  hws  data  and  small  reductions  for  the  lws  quarterdepth  and 
mlddepth. 


40 


auAmeii- 0€*tm 


BOTTOM  M*Tm 


ifGtXO 


{ 

f— — 

• 

i 

, 

j 

: 

M 

« 

: 

• 

« 

4 

— 1 

►—4 

; 

| 

J 

• 

• 

• 

• 

« 

•  < 

•  i 

SURPACt  D€PTn  QUARTtR-OCPTN  Mg>-D£PTN 


*  **•  •  *«•«  IHkti  *»'»•  H.I*M 


*«Ptf -QUARTfH  MPTM  BOTTOM  0€PTh 


•M  •  *«ii  CHill 


Figure  14.  Effects  of  plans  4B  and  SB  on  average  high-water 
slack  dye  concent  rat iona »  basin  stations 
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Figure  15.  Effect*  of  plan*  4B  and  5B  on  average  low-water 
■lack  dye  concentration*,  baaln  station* 


PART  IV:  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


73.  On  the  basis  of  model  shoaling  test  results,  A  of  the 

11  plans  tested  to  determine  effects  on  basin  shoMlng  were  selected  for 
detailed  testing  to  determine  their  effect  on  hydraulics,  salinity,  and 
dye  flushing  in  the  basin  area.  Those  plans  selected  were:  plan  1,  ap¬ 
proximately  1900-ft  extension  of  Wards  Bank  training  wall;  plan  3,  en¬ 
closed  area  with  dikes  parallel  to  exit  channel  and  navigation  channel; 
plan  4B,  gated  opening  200  ft  by  42  ft  In  combination  with  plan  1;  and 

plan  5B,  Rated  opening  200  ft  by  21  ft  In  combination  with  plan  1. 

74.  On  the  basis  of  model  test  results  discussed  In  previous 

paragraphs  In  this  report,  It  Is  concluded  that  none  of  the  four  plans 

investigated  extensively  would  have  any  effect  on  existing  tidal 
heights,  tide  range,  or  phase  through  the  estuary.  Effects  on  current 
velocities  or  patterns  and  flow  predominance  throughout  the  estuary 
other  than  in  the  basin  and  Immediate  vicinity  of  the  basin  were  gen¬ 
erally  very  small.  Each  of  the  four  plans  resulted  In  a  decrease  In 
average  salinity  of  0.5  to  2.0  ppt  along  the  navigation  channel.  Shoal¬ 
ing  In  the  navigation  channel  was  not  affected  by  any  of  the  plans. 

75.  Although  effects  In  the  main  estuary  and  navigation  channel 
were  generally  small  and  Insignificant,  there  were  considerable  effects 
In  the  basin  and  Immediate  surrounding  area.  In  respect  to  maximum  cur¬ 
rent  velocities  within  the  basin,  plana  1  and  3  had  the  least  effect  and 
would  not  result  In  causing  berthing  problems  for  the  carriers.  Plan  4B 
had  the  greatest  effect  on  maximum  current  velocities,  resulting  In 
flood  current  In  the  area  of  the  carrier  berth  of  about  2.0  fps,  which 
could  cause  berthing  problems  should  a  carrier  approach  this  area  during 
this  phase  of  the  tide.  Maximum  current  velocities  In  the  navigation 
channel  were  increased  with  each  of  the  four  plana  but  should  present 

no  problem  to  navigation. 

76.  Results  of  the  flow  predominance  Indicate  that  plans  1  and 
3  should  result  In  an  overall  reduction  of  material  transported  to 


the  entrance  of  the  basin.  Plana  4B  and  5B  should  also  result  In  an 
overall  reduction  of  material  transported  to  the  entrance  of  the  basin; 
however,  because  of  higher  flood  velocities,  the  reduction  should  be 
less  than  that  for  plans  1  and  3. 

77.  Immediately  Inside  the  basin,  flow  predominance  changes  for 
plans  1  and  3  Indicate  a  reduction  of  material  transported  Into  the 
basin.  Results  for  plans  4B  and  5B  Indicate  an  Increase  In  material 
transport  Into  the  basin. 

78.  Within  the  basin,  flow  predominance  changes  occurred.  13ie 
most  significant  change  occurred  for  plans  4B  and  SB  near  the  secondary 

opening.  Results  Indicate  that  material  In  suspension  In  the  area  will 

\ 

be  transported  out  of  the  basin. 

79.  Based  on  the  results  of  velocity  measurements  and  flow  pre¬ 
dominance  calculation,  plans  1  and  3  appear  to  reduce  the  potential  for 
shoaling  In  the  basin  due  to  an  apparent  reduction  In  potential  for  in¬ 
troduction  of  material  to  the  basin  at  the  entrance.  Results  of  plans  4B 
and  SB  are  not  nearly  as  conclusive.  The  potential  to  increase  materi¬ 
als  Introduced  to  the  basin  exists;  however,  the  transport  of  material 
out  of  the  basin  via  the  secondary  opening  could  more  than  offset  this 
Increase. 

90.  Average  salinity  concentrations  In  the  navigation  channel, 
exit  channel,  and  basin  were  generally  slightly  lower  than  the  base  for 
each  of  the  four  plans  Investigated.  There  was  no  Indication  that  one 
plan  resulted  In  more  or  less  change  than  another,  as  a  very  large 
percentage  of  the  data  was  within  the  limits  of  accuracy  of  repeating 
Identical  isodel  tests,  particularly  within  the  basin. 

81.  Results  of  the  dye  tests  do  not  Indicate  any  significant 
Improvement  of  flushing  for  plans  1  and  3.  Results  for  plans  4B  and 
5B  Indicate  a  significant  Improvement  in  overall  fluahlng  within  the 
basin  near  the  bottom.  Leaser  reductions  were  observed  at  shallower 
depths  with  essentially  no  change  near  the  surface. 

82.  Plana  1,  2,  and  3  each  proved  to  be  very  effective  In  reducing 
overall  shoaling  rates  in  the  exit  channel  and  basin.  All  plans  In¬ 
volving  the  ungated  aecondary  opening  (plana  4,  4A,  AC,  5,  5A,  and  5C) 
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resulted  In  lncressed  shoaling  In  the  basin.  Plans  Involving  gated 
secondary  openings  (4B  and  5B)  reduced  the  overall  shoaling  rate  but 
not  to  the  degree  of  plans  1,  2,  and  3. 


Recosnaendatlona 

83.  On  the  basis  of  aodel  tests  described  herein.  It  Is  recoah- 
■ended  that  plan  1  be  Installed  In  the  prototype.  Plan  1  was  the  best 
plan  with  respect  to  shoaling  reduction,  which  la  the  prlnary  objective 
of  the  study. 
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Table  2 

Effects  of  Plans  on  Flow  Predominance 


Plan 


Station 

Depth 

Base 

1 

3 

1*B 

5B 

Channel  Stations 

YA 

Surface 

-16.5 

-16.7 

-15.7 

-1U.2 

-17.2 

Miidepth 

1.8 

-0.8 

-0.1* 

0.1* 

0.8 

Bottom 

12.2 

7.3 

7.6 

10.5 

7.2 

ZA 

Surface 

-26.1* 

-17.1* 

-21.7 

-18.7 

-27.5 

Miidepth 

-0.5 

3.3 

-i*.l 

1*.5 

2.7 

Bottom 

10.3 

1*.7 

6.6 

6.3 

8.5 

ZB 

Surface 

-17.1 

-19.3 

-16.1 

-18.6 

-21*.  3 

Middepth 

U.l 

-2.2 

3.3 

-2.7 

1*.  3 

Bottom 

3.1 

9.3 

11.1* 

-1.7 

12.0 

ZC 

Surface 

-29.8 

-26.9 

-21*.  7 

-22.7 

-35.1* 

Middepth 

-13.1* 

-9.7 

-9.8 

-12.3 

-ll*.0 

Bottom 

-1.0 

1.9 

7.5 

1.9 

3.7 

OB 

Sur face 

-18.9 

-35.2 

-30.2 

-38.2 

-1*0.3 

Miidepth 

2.3 

0.8 

0.1 

0.9 

-1.6 

Bottom 

3.1 

-3.5 

11.1 

3.5 

-2.0 

OBB 

Surface 

■-2U.2 

-1*1*. 3 

-25.7 

-38.6 

-1*6.1* 

Middepth 

-10.9 

-21.5 

-9.2 

-12.2 

-20.1 

Bottom 

0.1* 

— 1* .  8 

-8.8 

0.3 

2.0 

OBC 

Surface 

-31.0 

-16.6 

-21*.  5 

-31.9 

-37.3 

Miidepth 

-!*.!* 

0.6 

-8.8 

0.1 

0.1 

Bottom 

16.3 

18.3 

2.5 

13.8 

13.9 

1AA 

Surf  ace 

-25.2 

-26.0 

-21*.  5 

-17.1 

-18.2 

Middepth 

-2.2 

0.9 

-1.9 

-2.0 

-2.1* 

Bottom 

9.3 

10.9 

11.2 

2.1 

15.7 

1AB 

Surface 

-19.7 

-21*.  8 

-23.9 

-22.1 

-23.3 

Middepth 

1*.  3 

5.1* 

2.1 

1*.0 

5.7 

Bottom 

12.3 

18.1* 

16.3 

9.0 

17.7 

1AC 

Surface 

-19.6 

-31.0 

-21*.  5 

-27.2 

-27.3 

Middepth 

-l*.l* 

2.1* 

-2.7 

0.9 

0.1* 

Bottom 

7.6 

7.7 

6.9 

7.7 

ll*.U 

2AA 

Surface 

-17.7 

-22.2 

-20.3 

-19.3 

-2U.1* 

Middepth 

-1.2 

-1.0 

-l*.7 

-3.6 

“0 . 6 

Bottom 

1*.  5 

5.6 

2.1* 

1.7 

7.1 

3A 

Surface 

-15.3 

-21*.  2 

-27.0 

-15.7 

-25.0 

Middepth 

-2.9 

0.7 

-1*.5 

-2.9 

0.2 

Bottom 

12.1* 

9.0 

6.2 

8.7 

12.2 

(Continued) 

•  A  negative  sign  (-)  denotes  flow  predominance  in  the 

ebb  direction; 

values 

vithout  a  sign 

are  positive 

values 

and  denote 

flow  predominance 

in  the 

flood  direction 

• 

(Sheet 

1  of  3) 

Table  2  (Continued) 


Plan 


Station 

Depth 

Ba-je 

1 

3 

It  B 

Channel  Stations  (Continued) 


5A 

Surface 

-20.7 

-29.6 

-25.9 

-28.5 

-37.6 

Middepth 

5.9 

5.5 

3.6 

5-1* 

5.2 

Bottom 

13.3 

1»*. 5 

17.9 

15.6 

15.1 

7B 

Surf  ace 

-29.8 

-30.8 

-22.9 

-27.0 

-22.7 

Middepth 

1.2 

-1.6 

0.3 

1.2 

0.7 

Bottom 

2l*.U 

15.3 

ll*.0 

ll*.  3 

15.8 

9B 

Surface 

-17.3 

-8.2 

-10.6 

-13.6 

-16.3 

Middepth 

-3.0 

-13.1* 

-3.1 

-6.1* 

-7.1* 

Bottom 

**•9 

15.9 

6.0 

8.1* 

8.8 

9A3 

Surface 

-21.1 

-19.6 

-21.0 

-17.7 

-20.9 

Middepth 

-6.2 

-3.0 

-l*.l 

-6.1 

-2.6 

Bottom 

33.5 

25.5 

28.0 

23.1* 

26.7 

IGA 

Surf  ace 

-20.7 

-10.3 

-9.6 

-11.1 

-ll*  .1 

Middepth 

2.1 

-1.5 

2.8 

-0.2 

-1*.  5 

Bottom 

ll*.l* 

10.0 

11.8 

ll*  .0 

13.8 

Has  i  n 

Stations 

OA 

Surface 

-1*0.7 

-36.5 

-1*1.9 

-1*6.0 

-1*1* .  3 

Mid depth 

7.7 

ll*  .6 

1* .  3 

15.1* 

9.1* 

Bottom 

2.7 

12.9 

8.0 

17.3 

13.1* 

OAA 

Surface 

-37.0 

-12.1* 

-18.3 

-8.8 

0.1 

Middepth 

-8.8 

2.1* 

7.8 

17.6 

25.1 

Bot*  r>m 

-11.1* 

-21.6 

-20.1* 

-18.7 

-12.5 

GBA 

Surface 

-0.2 

18.7 

10.5 

12.0 

11.7 

Middepth 

21.3 

8.1 

-6.3 

16.5 

9.2 

Bottom 

1*9-6 

19.2 

15.3 

21*.  8 

ll*  .9 

MBA 

Surface 

Slack 

-15.1* 

-3.8 

-18.1 

-21*.  5 

Middepth 

Slack 

-28.1* 

6.5 

-16.1 

16.3 

Bottom 

Slack 

-22.3 

-36.9 

-28.0 

13.8 

MB? 

Surface 

1.3 

13.1* 

-8.9 

17.1 

-0.2 

Middepth 

-25.8 

-19-0 

8.0 

12.1* 

-28.6 

Bottom 

-9.3 

-13.1 

-11.0 

25.5 

21.3 

MBC 

Surface 

29.2 

20.5 

16.3 

31*. 7 

37.0 

Middepth 

-20.3 

9.2 

-10.6 

-1*5.1 

-22.8 

Bottom 

-15.8 

-10.5 

-1*3.6 

-22.6 

-3.3 

(Continued) 


MSB 

Surface 

32.8 

15.8 

17.6 

31.6 

5.5 

Middepth 

-7.6 

17.6 

-9.9 

-33.6 

-16.0 

Bottom 

-19.8 

-37.6 

-27.7 

-38.6 

-30.5 

MBK 

Surface 

38.9 

18.5 

25.2 

8.8 

8.7 

Middepth 

36.5 

-17.7 

9.1 

-29.5 

-20.0 

Bottom 

-2.5 

-26.0 

-27.3 

-1*9.2 

-31*. 0 

MBF 

Surf  ace 

17.5 

12.8 

10.1* 

21.2 

21.6 

Middepth 

-27.9 

-20.6 

-20.5 

-38.1* 

-13.2 

Bottom 

-7.9 

-39.8 

-1*3.6 

11.6 

-9.1 

KB*'/ 

Surface 

21.0 

20.1 

21.6 

31*.  3 

.  39.1 

Middepth 

-1.9 

27.0 

17.1* 

22.7 

27.8 

Bo t too 

18.5 

-1.6 

-32.1 

32.2 

11.9 

MBH 

Surface 

-10.6 

6.3 

9.1* 

30.5 

38.2 

Middepth 

-7.3 

10.6 

1*.8 

21*.  1 

25.3 

Bottom 

16.8 

-39.1 

15.2 

37.6 

1*5.6 

MBS 

Surface 

16.9 

-0.9 

1* .  2 

33.5 

39.3 

Middepth 

-28.1 

11*. 7 

10.3 

10.7 

1*6. 1* 

Bottom 

3.** 

-38.0 

-8.1* 

3.9 

1*6.8 

MBK 

Surface 

-11.1 

5.0 

5.3 

19.3 

16.6 

Middepth 

-28.3 

11.0 

17.1* 

21.6 

15.7 

Bottom 

3.3 

-21.1 

-7. 3 

27.7 

19.8 

MBS 

Surf  ace 

-26.7 

-8.1* 

11.3 

20.1 

21.7 

Middepth 

-22.1 

-37.3 

15.8 

32.9 

17.6 

Bottom 

-10.7 

-1*0.0 

-17.2 

39.1* 

-3.0 

M?»y 

Surface 

-1*5.3 

-32.8 

-31*. 7 

3.0 

6.8 

Middepth 

-38.8 

-1*8.  3 

-1.0 

11*. 6 

5.5 

Bottom 

-29.2 

-13.5 

-27.8 

21*. 3 

-1*8.2 

mb:« 

Surface 

-39.6 

-1*2.1 

-1*2.1* 

36.1* 

9.5 

Middepth 

-1*6.6 

-1*3.5 

-27.9 

1*9-3 

7.1 

Bottom 

-50.0 

-1*1*. 2 

-6.8 

1*9.3 

36.9 

mbf 

Surface 

— — 

1*9.8 

1*9-7 

Middepth 

— 

— 

— 

1*1*. 5 

1*9.7 

Bottom 

— 

— 

— 

1*9-7 

1*7.7 

Table  3 


Effect  of  Plana  on  Average  Salinities,  ppt 


Plan 


Station 

Depth 

Base 

1 

3 

1*B 

5B 

o 

Vr 

Stations 

YA 

Surface 

26.0 

25.9 

25.8 

26.6 

25.3 

Middepth 

30.8 

30.7 

30.7 

31.0 

30.5 

Bottom 

}2t0 

32.2 

31.8 

J2.1 

32.0 

Average 

29.6 

29.6 

29.1* 

29.9 

29.3 

:.a 

Surface 

25.2* 

25.6 

25.8 

26.1 

25.1 

Mi  idepth 

30.7 

30.0 

30.1 

30.1* 

29.8 

Bottom 

31.8 

31.7 

31.7 

31.1* 

Average 

29.3 

29.1 

29.2 

29.1* 

28.8 

ZB 

Surface 

2U.9 

21*. 6 

25.1 

25.7 

21*.  1* 

Mi idepth 

30.5 

30.2 

30.0 

30.5 

30.0 

Bottom 

J2.0 

31.8 

31.6 

31-9 

31.8 

Average 

29.1 

28.9 

28.9 

29.1* 

28.7 

ZC 

Surface 

25.0 

25.0 

25.5 

26.2 

21*. 5 

Middepth 

30.3 

29.8 

29.8 

30.5 

29.5 

Bottom 

31.8 

?!•!> 

31.8 

31.5 

Average 

29.0 

28.8 

28.9 

29.5 

28.5 

OB 

Surface 

23.7 

21*. 0 

21*.  2 

22.7 

Middepth 

30.!* 

29.5 

30.2 

30.3 

29.3 

Bottom 

32.1 

21 si 

■ : . ' 

32.2 

2L2 

Average 

28.7 

28.2 

28.6 

28.9 

28.0 

OBB 

Surface 

23.9 

2»*.  8 

25.1 

21*. 6 

21*.  1 

Middepth 

28.1* 

29.7 

27.7 

28.1* 

27.3 

Bottom 

12il 

31.6 

£2jJL 

ioa 

Average 

27.7 

28.7 

27.3 

27.7 

27.0 

OBC 

Surface 

22.1* 

23.0 

21*. 6 

23.8 

22.2 

Mi idepth 

29.5 

26.7 

28.5 

29.0 

28.1* 

Bottom 

31- u 

30.6 

ioj; 

31.6 

A%-era*e 

27.8 

26.8 

27.9 

28.1 

27.3 

(Continued ) 


Baae 


1 


Plan 


Station  Depth 


Channel  Stations  (Continued) 


1AA 

Surface 

21.8 

21.8 

22.8 

Middepth 

29.0 

28.3 

27.5 

Bottom 

30.1 

30.1* 

29-5 

Average 

27.0 

26.8 

26.6 

LAB 

Surface 

22.2 

21.7 

21.9 

Middepth 

29.L 

29.1* 

27.6 

Bottom 

30.3 

30.6 

29.6 

Average 

27.3 

27.3 

26.1* 

LAC 

Surface 

22.8 

22.1 

23.3 

Middepth 

28.0 

27.7 

27.5 

Bottom 

JO.  2 

i0^2 

29.1* 

Average 

27.0 

26.7 

26.7 

.  AA 

Surf  ace 

21.5 

20.8 

20.9 

Mi idepth 

27.8 

26.5 

26.2 

Bottom 

JO.  2 

2?.  8 

29.2 

Average 

26.5 

25.7 

25. 

3A 

Surface 

20.1* 

19.8 

19.8 

Middepth 

27.1* 

26.0 

25.8 

Bot  tom 

29.8 

22Ji 

28.7 

Average 

25.9 

25.1 

21*. 8 

5A 

Surface 

19.1* 

16.6 

18.0 

Mi  idepth 

26.1 

21*. 5 

21*.  0 

Bottom 

28.3 

27.5 

£Li 

Average 

2L. 6 

22.9 

23.0 

TB 

Surf  ace 

16.8 

16.1* 

16.0 

Middepth 

22.6 

21.1* 

21.0 

Bottom 

21*. 6 

21*.  5 

21*.  0 

Average 

21.3 

20.8 

20.3 

9B 

Surface 

11*. 6 

13.0 

13.0 

Middepth 

19.0 

17.5 

17.1* 

Bottom 

1 

22.1 

21.8 

Average 

18.9 

17.5 

17.1* 

(Continued) 


1*B 

21.8 

20.5 

28.6 

27.8 

30.2 

26.8 

26.2 

20.9 

20.7 

28.5 

28.5 

30.6 

30.5 

26.7 

26.6 

21.9 

20.7 

27.8 

27.1* 

30.1 

30.2 

26.6 

26.1 

20.5 

19.9 

27.2 

26.7 

29.6 

29.8 

25.8 

25.5 

19.7 

19.0 

26.3 

25.8 

29.1* 

25.2 

21*. 8 

l8.l 

17.6 

21*. 7 

23.7 

27.1 

28.7 

23.3 

23.3 

16.9 

11*. 9 

21.1* 

19.9 

2l*.l* 

23.9 

20.9 

19.6 

11*. 3 

12.5 

18.1* 

16.9 

23-0 

21.9 

18.6 

17.1 

able  3  (Continued) 


Plan 


Station 

Depth 

Base 

1 

_ 3_ 

1*B 

_!LL_ 

Channel  Stations  (Continued) 


9AB 

Surface 

ll*.7 

13.0 

13.2 

13.6 

12.8 

Middepth 

18.7 

17.6 

17.7 

18.3 

17.9 

Bottom 

Uil 

23.0 

22.2 

22.1* 

22.7 

Average 

18.9 

17.9 

17.7 

18.1 

17.8 

10A 

Surface 

13.5 

12.6 

11.8 

12.1* 

11.9 

Middepth 

16.8 

15.2 

15.1 

15.9 

11*. 7 

Bottom 

21.8 

20.6 

20.2 

21.0 

20.2 

Average 

17.1* 

16.1 

15.7 

16.1* 

15.6 

Basin 

Stations 

OA 

Surface 

23.5 

23.1 

22.8 

23.8 

22.5 

Mid  lepth 

29.8 

29.1* 

30.2 

30.1 

29.5 

Bottom 

31.8 

31.8 

Ril 

32.0 

Average 

28.5 

28.1 

28.3 

28.6 

2  8.0 

OAA 

Surface 

23.6 

21*. l 

23.6 

21*.  1* 

23.7 

Middepth 

30.2 

30.7 

30.1* 

30.7 

30.1* 

Bottom 

32.1 

J2.2 

?!•? 

}2.L 

32.1 

Average 

28.6 

29.0 

28.6 

29.1 

28.7 

OBA 

Surface 

21*.  8 

23.7 

23.1* 

23.5 

23.8 

Middepth 

31.2 

30.6 

30.7 

31.1* 

30.8 

Bottom 

32^ 

}2.2 

iLI 

32.2 

Average 

29.1* 

28.8 

28.6 

29.1 

28.9 

MBA 

Surface 

25.1 

21*. 3 

23.8 

23.8 

2i*.8 

1/1* 

30.0 

28.6 

27.9 

29.0 

28.7 

Middepth 

31.1 

30.1* 

30.1 

30.5 

30.3 

3/U 

32.2 

31.6 

31.5 

31.8 

31.6 

Bottom 

32-1* 

32.0 

31.8 

32.0 

Hi 1 

Average 

30.2 

29.1* 

29.0 

29.1* 

29. 5 

MB3 

Surface 

2<*.  1 

21*. 5 

21*. 0 

23.1 

25.0 

1/1* 

29.7 

28.5 

28.8 

28.8 

28.9 

Middepth 

31.1 

30.6 

30.9 

30.8 

30.6 

3/1* 

32.2 

32.0 

31.9 

31.9 

31.8 

Bottom 

1L1 

32.0 

32.2 

ilil 

Average 

29.9 

29.6 

29.5 

29.1* 

29.7 

(Continued) 


(Sheet  3  of  5) 


'able  3  (Continued) 


Station 


MBC 


MBD 


MBi: 


MB- 


MB'S 


MBH 


Plan 


Depth 

Base 

1 

3 

Basin 

Stations 

(Continued) 

Surface 

25.1 

2U.6 

2U.2 

1/U 

30.2 

20.7 

28.7 

Middepth 

31.3 

30.7 

30.5 

3/1* 

32.  U 

32.0 

31.7 

Bottom 

12.6 

32.3 

31.9 

Average 

30.3 

29.7 

29. 1* 

Surf  ace 

2U.7 

2U.5 

2U.2 

1/1* 

29.2 

28.0 

28.1 

Mi idepth 

31.1 

30. U 

30.3 

3/1* 

32.3 

31.8 

31.7 

Bottom 

32.6 

32.1 

Ji.? 

Average 

30.0 

29. U 

29.2 

Surface 

2U.5 

2U.9 

2U.3 

1/^ 

29.9 

2  8.7 

28.3 

Middepth 

30.9 

30.U 

30.0 

3/1* 

32.3 

32.0 

31.6 

Bottom 

3v-  3 

Average 

30.0 

29.7 

29 .2 

Surface 

2U.3 

23.8 

23. U 

1/1* 

29.7 

28.5 

28.6 

Mi  Idepth 

31.6 

30.8 

30.7 

3/1* 

32.2 

32.1 

31.7 

Bottom 

3^.:- 

32.3 

ihl 

Average 

30.1 

29.5 

29.2 

Surface 

2U.9 

2U.7 

23.8 

1/U 

29.3 

28. U 

28.6 

Mi  Idepth 

31.5 

30.9 

31.0 

3/1* 

32.  U 

32.1 

31.9 

Bottom 

32.  U 

Average 

30.1 

29.7 

29.5 

Surface 

2U.9 

2U.U 

2U.2 

1/U 

29.3 

28. U 

28.3 

Middepth 

31.1 

30.  U 

30.6 

3/U 

32.  U 

31.8 

31.9 

Bottom 

32.2 

Average 

30.0 

29.5 

29. U 

(Continued 


1*B 

_5B_ 

2U.1 

25.0 

28.9 

28.7 

30.7 

30.5 

32.1 

31.8 

32.2 

32.0 

29.6 

29.6 

2U. 2 

2U. 9 

28.2 

28.U 

30.2 

30.3 

31.9 

31.7 

32.1 

32.1 

29.3 

29.5 

21* .  1* 

25.6 

28.8 

28.8 

30.7 

30.3 

31.9 

31.8 

29.6 

29.7 

23.5 

23.8 

29.0 

28. U 

30.8 

30.5 

31.9 

31.8 

32.3 

iiii 

29.5 

29.3 

2U.U 

26.0 

2  8.6 

28.5 

30.9 

30.6 

32.0 

31.9 

32 -U 

32.2 

29.7 

29. 8 

23.5 

25.3 

28.6 

28. U 

30.8 

30.3 

32.0 

31.8 

32. U 

32.2 

29.5 

29.6 

(Sheet  U  of  5) 


able  3  (Concluded) 


Station 


MBJ 


MBK 


M3 1, 


MHN 


KBS 


KBT 


Plan 


Depth 

Base 

1 

_ 

1*B 

Basin 

Stations 

(Continued) 

Surface 

21*. 7 

21*. 7 

23.9 

21*. 5 

1/1* 

29.1* 

28.7 

28.5 

29.2 

Middepth 

31.1 

30.6 

30.2 

30.7 

3/1* 

32.2 

31.9 

31.7 

32.0 

Bottom 

•JO 

22il 

ill 1 

32.2 

Average 

30.0 

29.6 

29.2 

29.7 
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studv.  hvdraulic  model  investigation  '  hv  Noble  .1.  Rrogdon,  Jr. 
iicisburg.  Ml"  U  S  M.itr ry.ivc  I sperimrnt  Station  ;  Spring- 
field.  Va.  available  from  National  Technical  Information 
Service.  19*9. 

t ' .  (Sol  p.  .  299  leaves  of  plates  ill.  ;  2*  cm  (Technical 
report  •  II  S  irav  Ingineer  Ws'erwavs  Isperiment  Station  ; 
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Prepared  for  H.  S  irm-  Ingineer  District.  Jacksonville, 
Jacksonville.  Florida. 

1  Fued-bed  swirls  2.  Flushing.  V  Hydraulic  mode!'.. 

I  Mavport  Mill  Cove  S  Mayport  Naval  Basin,  b.  Salinity 
.  Shoaling  I  United  Slates.  Arms.  Corps  of  Ingineers. 
Jacksonville  District  11.  Series  United  States.  Waterways 
Isperinent  Station.  Vicksburg.  Miss.  Technical  report  ; 
Hl-79-12.  Report  2. 
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